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1860.  Elwell,    Thomas,  Messrs.    Varrall    Elwell    and    Middleton,   1    Avenue 

Trudaine,  Paris. 
1875.  Elwell,  Thomas,  Jun.,  Engineer,  Messrs.  Varrall  Elwell  and   INIiddleton, 
1  Avenue  Trudaine,  Paris. 

1878.  Elwin,  Charles,  Metropolitan  Board  of  Works,  Spring  Gardens,  London, 

S.W. 

1864.  Everitt,  William  Edward,  Messrs.  Allen  Everitt  and  Sons,  Kingston  Metal 

Works,  Adderley  Street,  Birmingham;  and  Finstal,  Bromsgrove. 
1869.  Eyth,  ]\Iax,  Messrs.  John  Fowler  and  Co.,  Steam  Plough  and  Locomotive 
Works,  Leeds. 

1869.  Faija,  Henry,  4  Great  Queen  Street,  W^estminster,  S.W. 

1868.  Fairbairn,  Sir  Andrew,  M.P.,  Wellington  Foundry,  Leeds  ;  and  15  Portman 

Square,  London,  W. 

1875.  Farcot,  Jean  Joseph   Leon,   Messrs.   Farcot  and   Sons,   Engine    Works, 

13  Avenue  de  la  Gare,  St.  Ouen,  France. 
1880.  Farcot,  Paul,  Messrs.  Farcot  and  Sons,  Engine  Works,  13  Avenue  de  la 

Gare,  St.  Ouen,  France. 
1867.  Fardon,  Thomas,  Messrs.  Fardon  and  Feeny,  40  Queen  Street,  London, 

E.C.  ;  and  1  Lansdowne  Terrace,  Stuart  Street,  Luton. 

1876.  Fell,  John  Corry,  23  Rood  Lane,  Fenchurch  Street,  London,  E.C. 

1877.  Fenton,   James,  Manager,   Messrs.  Kitson  and   Co.,    Airedale  Foundry, 

Leeds. 

1869.  Fenwick,    Clennell,    Yictoria    Docks     Engine    Works,    Victoria    Docks, 

London,  E. 

1870.  Ferguson,   Henry    Tanner,    Locomotive   Superintendent,    Rangoon    and 

Irrawaddy  State  Railway,  Rangoon,  Burmah,  India. 
1854.  Fernie,  John,  12  King  Henry's  Road,  London,  X.W. 

1866.  Fiddes,  W^alter,  Engineer,  Bristol  United  Gas  Works,  Bristol. 
1872.  Fidler,  Edward,  Piatt  Lane  Colliery,  Wigan. 

1867.  Field,   Edward,  Messrs.   Field  Field  and    Cotton,    Chandos   Chambers, 

22  Buckingham  Street,  Adelphi,  London,  W.C. 

1861.  Field,  Joshua,  110  Westminster  Bridge  Road,  Lambeth,  London,  S.E. 
1874.  Fielding,     John,     Messrs.     Fielding     and     Piatt,     Atlas    Iron    Works, 

Gloucester. 

1865.  Filliter,  Edward,  16  East  Parade,  Leeds. 

1868.  Firth,  Arthur,  Leeds  Iron  Works,  Leeds. 
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1874.  Firth,  William,  Burley  Wood,  Leeds. 

1871.  Fisher,   Eenjamin    Samuel,    Locomotive   Superintendent,   Somerset    and 

Dorset  Railway,  Highbridgc,  near  Bridgwater. 

1877.  Flannery,  James 'Fortescuc,  9  Fenchurch  Street,  London,  E.G. 
1864.  Fleet,  Thomas,  Crown  Boiler  and  Gasholder  Works,  Westbromwicli. 
1847.  Fletcher,  Edward,  Locomotive  Superintendent,  North   Eastern  Railway, 

Gateshead. 
1868.  Fletcher,  Henry    Allason,  Messrs.   Fletcher    Jennings  and  Co.,   Lowca 
Engine  Works,  Whitehaven.     {Life  Member.) 

1872.  Fletcher,  Herbert,  Ladyshore    Colliery,   Little  Lever,  Bolton ;   and  The 

Hollins,  Bolton. 
1857.  Fletcher,    James,    Messrs.    W.    Collier  and  Co.,   2    Greengate,   Salford, 

Manchester. 
1867.  Fletcher,  Lavington   Evans,   Chief  Engineer,    Manchester  Steam  Users' 

Association,  9  Mount  Street,  Albert  Square,  Manchester. 
1872.  Flower,  James  J.  A.,  Messrs.  James  Flower  and  Sons,  Old  Trinity  House, 

5  Water  Lane,  Great  Tower  Street,  London,  E.C. 
1859.  Fogg,  Robert,  11  Queen  Anne's  Gate,  Westminster,  S.W. 

1878.  Fontaine,  Marc  Berrier-,  Ingenieur  de  la  Marine,  Toulon  Dockyard,  Toulon, 

France. 
1877.  Forbes,    Daniel    Walker,     Smithfield    Works,     New    Road,     Blackwall, 
London,  E. 

1861.  Forster,  Edward,  Messrs.  Chance  Brothers  and  Co.,  Glass  Works,  Spon 

Lane,  near  Birmingham. 
1877.  Foulis,  William,  Engineer,  Glasgow  Corporation  Gas  Works,  42  Virginia 

Street,  Glasgow. 
186G.  Fowler,  George,  Mining  Engineer,  Basford  Hall,  near  Nottingham. 
1847.  Fowler,  John,  2  Queen  Square  Place,  Westminster,  S.W. 
1866.  Fox,  Charles  Douglas,  5  Delahay  Street,  Westminster,  S.W. 

1875.  Fox,  Samson,  Leeds  Forge,  Leeds. 
1859.  Eraser,  John,  1 3  Park  Square,  Leeds. 

1877.  Eraser,  John  Hazell,   Messrs.    Eraser    Brothers,    Railway  Iron  Works, 
Bromley,  London,  E. 

1876.  Frost,  William,  Manager,  Carlisle  Steel  and  Engine  Works,  Sheffield. 
1866.  Fry,  Albert,  Bristol  Wagon  Works,  Temple  Gate,  Bristol. 

1866.  Galloway,  Charles  John,  Messrs.  W.  and  J.  Galloway  and  Sons,  Knott  IMill 
Iron  AVorks,  Manchester. 

1862.  Galton,  Capt.  Douglas,  C.B.,  R.E.,  F.R.S.,  12  Chester  Street,  Grosvenor 

Place,  London,  S.W. 
1880.  Galwey,  John  Wilfrid  de  Villemont,  Messrs.  Galwey  Wliitehead  and  Co., 
Warrington  Engine  and  Iron  Works,  Lythgoe's  Lane,  Warrington. 


XXll.  MEMBEIIS. 

18G7.  (iaunllctt,  Williiuu  Henry,  :;;>  A  11k  it  T(  rrace,  IMiddlcfiliroiigli. 

1878.  Gciu'h,   John   Jiibtz,   Executive  Engiucor,   Scveni   Tuimcl  Works,  New 

I'asaage,  near  Bristol . 
1880.  Geoglicgan,  Samuel,  Messrs.  A.  Guinness  Son  and  Co.,  St.  Jumea'  Gate 

Brewery,  Dublin. 

1871.  Gibbins,  lliebard  Cadbury,  Berkley  Street,  Birmingham. 

1872.  Gilbert,  Ebenezer  Edwin,  Canada  Engine  Works,  Montreal,  Cun;idu. 
1856.  Gilkes,   Edgar,  Messrs.   Hopkins   Gilkes  and  Co.,  Tees   Engine  Works, 

Middlesbrougli. 
1880.  Gill,  Charles,  Messrs.  Young  and  Gill,  Engineering  Works,  Java;    and 

Java  Lodge,  Beekenham. 
1806.  Gilroy,  George,  Engineer,  Ince  Hall  Collierj^,  Wigan. 

1878.  Gimson,  Josiuh,  Welford  Road  Engine  Works,  Leicester. 

1874.  Gjers,    John,    Messrs.    Gjers    Mills    and    Co.,    Ayresomc    Iron    Works, 

Middlesbrough. 
1862.  Godfrey,    Samuel,    Messrs.    Bolckow    Vaughan    and    Co.,    Iron    Works, 

Middlesbrough. 
1880.  Godfrey,    William    Bernard,    54   Eegent's  Park    Road,   Regent's    Park', 

London,  N.W. 

1879.  Goldsworthy,   Robert   Bruce,   Messrs.    Thomas   Goldsworthy    and    Sons, 

Britannia  Emery  Mills,  Hulme,  Manchester. 
1867.  Gooch,  William  Frederick,  Yulcan  Foundry,  Warrington. 
1877.  Goodbody,  Robert,  Messrs.  Goodbody,   Clashawaun  Jute  Factory,  Clara, 

near  Moate,  Ireland. 
1869.  Goodeve,  Thomas  Minchin,  5  Crown  Office  Row,  Temple,  London,  E.C. 

1875.  Goodfellow,  George  Ben,  Hyde  Iron  Works,  Hyde,  near  Manchester. 
1865.  Goransson,  Goran  Fredrick,  Sandvik  Iron  Works,  near  Gefle,  Sweden. 
1875.  Gordon,    Robert,     Executive    Engineer,     Public     Works     Department, 

Henzada,  British  Burmah,  India :  (or  care  of  Messrs.  Henry  S.  King 
and  Co.,  45  PaU  Mall,  London,  S.W.) 

1879.  Gorman,  WiUiam  Augustus,  Messrs.  Siebe  and  Gorman,  17  Mason  Street, 

Westminster  Bridge  Road,  London,  S.E. 

1880.  Gottschalk,  Alexandre,  17  Rue  Laffitte,  Paris. 

1877.  Goulty,  Wallis  Rivers,  Albert  Chambers,  Albert  Square,  Manchester. 
1871.  Gowenlock,    Alfred    Hargreaves,     Messrs.     Jessop    and    Co.,    Railway 

Contractors,  93  Clive  Street,  Calcutta. 

1878.  Grafton,  Alexander,  15  Great  George  Street,  Westminster,  S.W. 

18G9.  Grainger,  James  Nixon,  Public  Works  Department,  Chepank,  Madras ; 

and  The  Mall,  Newport,  Isle  of  Wight :  (or  care  of  G.  N.  Henton,  88 

Alexandra  Terrace,  Newport,  Isle  of  Wight.) 
1865.  Gray,  John  McFarlane,  Chief  Examiner  of  Engineers,  Marine  Department, 

Board  of  Trade ;  127  Queen's  Road,  Peckham,  London,  S.E. 
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1S7G.  Gray,  John  William,  Engineer,  Corporation  "Water  Works,  Broad  Street, 
Birmingham. 

1870.  Gray,    Matthew,    106    Cannon    Street,    London,    E.G.;    and    Silvertown 

Telegraph  Works,  North  Woolwich,  E. 
1879.  Gray,  Thomas   Lowe,   Assistant   Manager,    Ant  and    Bee  Works,  West 

Gorton,  Manchester. 
1879.  Greathead,     James     Henry,    8     Victoria     Chambers,     "Victoria     Street, 

Westminster,  S.W. 
1861.  Green,  Edward,  Messrs.  E,  Green  and  Son,  Phoenix  Works,  Wakefield. 

1871.  Greener,  John  Heury,  14  St.  Swithin's  Lane,  London,  E.C. 

1878.  Greenwood,   Arthur,    Messrs.    Greenwood    and    Batley,    Albion   Works, 

Leeds. 
1874.  Greenwood,  William  Henry,  34  Halston  Street,  Moss  Side,  Manchester. 

1865.  Greig,    David,    Messrs.    John    Fowler    and    Co.,     Steam     Plough     and 

Locomotive  Works,  Leeds. 
1880.  Gresham,   James,   Messrs.   Gresham   and   Craven,   Craven    Iron   Works, 

Manchester. 
1874.  Grew,  Nathaniel,  Dashwood  House,  9  New  Broad  Street,  London.  E.C. 

1866.  Grice,    Edwin   James,    Cwmbran   Nut   and   Bolt  Works,  near  Newport, 

Monmouthshire. 
1860.  Grice,  Frederic  Groom,  Oakley  Villa,  Westbromwicb. 
1868.  Grierson,    Henry    Houldsworth,    Messrs.    Ormerod    Grierson    and     Co., 

St.  George's  Iron  Works,  Hulme,  Manchester. 
1873.  Griffiths,  John  Alfred,  Cleveland  Eoad,  Cheetham  Hill,  Manchester. 

1879.  Grose,     Arthur,     Manager,     Vulcan     Iron     Works,     Guildhall      Road, 

Nortliampton. 
1870.  Guilford,  Francis  Leaver,  Messrs.  G.  R.  Cowen  and  Co.,  Beck  Foundry, 

Brook  Street,  Nottingham. 
1870.  Gwynne,  James  Eglinton  Anderson,  Essex  Street  Works,  Strand,  London, 

W.C.     (Life  Member.) 

1870.  Gwynne,  John,  Hammersmith  Iron  Works,  Hammersmith,  London,  W. 

18G3.  Hackney,  William,  1  Somerset  Plnce,  Mumbles,  Swansea. 

1879.  Hadfield,  Robert,  Hadfield  Steel  Foundry  Co.,  Attercliffe,  Sheffield. 

18G1.  Haggle,  Peter,  Hemp  and  Wire  Rope  Works,  Gateshead. 

1879.  Hall,  John  Francis,  Messrs.  W.  Jessop  and  Sons,  Brightside  Steel  Works, 

Sheffield. 
1874.  Hall,   Thomas  Bernard,  Patent  Nut  and  Bolt  Works,  Smethwick,  near 
Birmingham. 

1871.  Hall,  William  Silver,  Messrs.  Hall  and  Clarke,  Canal  Street  Iron  Works, 

Derby  ;  and  7  Yeovil  Terrace,  Hartington  Street,  Derby. 

1880.  Hallett,  John  Harry,  120  Powell's  Place,  Cardiff. 
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1871.  Halpin,  Driiitt,  9  Victoria  Chambers,  Victoria  Street,  "Westminster,  S.W. 
1870.  Ilumund,  Arthur  Saiinul,  S)  Bridge  Street,  Wcstminstei,  S.W. 

1875.  Hammond,  Walter  John,  Resident  Engineer  and  Locomotive 
Superintendent,  Paulista  Railway,  Campinas,  Sao  Paulo,  Brazil : 
(or  caro  of  Messrs.  Fry  IMiers  and  Co.,  8  Great  Winchester  Street, 
Loudon,  E.C. 

1879.  Handyside,  James  Baird,  Messrs.  Thomson  Sterne  and  Co.,  Crown  Iron 
Works,  Glasgow. 

1870.  Hannah,  Joseph  Edward,  Abbeystead,  Wyresdale,  near  Lancaster. 

1.874.  Harding,  William  Bishop,  IX.  Bez.,  Uelloerstrasse  Nr.  35,  Budapest, 
Hungarj', 

1869.  HarMeld,  William   Horatio,  Mansion   House    Buildings,   Queen    Victoria 

Street,  London,  E.C. 
1873.  Harman,   Harry   Jones,   Chief   Engineer,   English   and   Scottisli    Boiler 

Insurance  Company,  100  King  Street,  Manchester. 
1879.  Harris,  Henrj^  Graham,  37  Great  George  Street,  Westminster,  S.W. 

1873.  Harris,  Richard  Henry,  03  Queen  Victoria  Street,  London,  E.C. 

1877.  Harris,  William  Wallington,  Messrs.  A.  M.  Perkins  and  Son,  6  Seaford 

Street,  Regent  Square,  London,  W.C. ;  and  9  Alexandra  Villas,  Homsoy 
Park,  London,  N. 

1879.  Harrison,  George,  Messrs.  Fowler  and  McCollin,  Vulcan  Iron  Works,  Hull. 
ISll.  Harrison,  Joseph  Edward,  Woodside  Iron  Works,  near  Dudley. 

1858.  Harrison,  Thomas  Elliot,  Ealing,  Middlesex,  W. 

1865.  Harrison,  William  Arthur,  Messrs.  Allen  Harrison  and  Co.,  Cambridge 
Street  Works,  Manchester. 

1874.  Hart,  James,  ^Messrs.   David  Hart   and   Co.,  North  London  Iron  Works, 

Wenlock  Road,  City  Road,  London,  X. 
1S77.  Hart,  James,  Borough  Engineer  and  Smveyor,  Town  Hall,  St.  H<3len's. 

1872.  Hartnell.  Wilson,  Park  Row,  Leeds. 

1878.  Harwood,  Robert,  Soho  Iron  Works,  Bolton. 

1858.  Haswell,    John  A.,  North   Eastern    Railway,   Locomotive    Department, 

Gateshead. 
1857.  Haughton,  S.  Wilfred,  Greenbank,  Carlow,  Ireland.     (Life  Member.) 

1878.  Haughton,  Thomas.  122  Cannon  Street,  London,  E.C. 

1861.  Hawkins,  William  Bailey,  2  Suffolk  Lane,  Cannon  Street,  London,  E.C. 

1870.  Hawksley,  Charles,  30  Great  George  Street,  Westminster,  S.W. 

1856.  Hawksley,  Thomas.  F.R.S.,  30  Great  George  Street,  Westminster,  S.W. 

1880.  Hawthorn,  Thomas,  Messrs.  Black  Hawthorn  and  Co.,  Gatrshcad. 

1873.  Hay,  James  A.  C,  Superintendent  of  Machinery  to  the  War  Department, 

Royal  Arsenal,  Woolwich. 

1879.  Hayes,  John,  27  Leadenhall  Street,  London,  E.C. 

1862.  Haynes,  Thomas  John,  Calpe  Foundry  and  Forge,  North  Front,  Gibraltar. 
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]  880.  Hay ter,  Harrison,  33  Great  George  Street,  Westminster,  S.W. 

1869.  Head,    Jeremiah,  Messrs.   Fox   Head  and   Co.,   Newport   Rolling  Mills, 

Middlesbrough. 
1860.  Head,  John,  Messrs.  Ransomes  Sims  and  Head,  Orwell  Works,  Ipswich. 
1873.  Headly,  Lawrance,  1  Camden  Place,  Cambridge. 
1857.  Healey,  Edward  Charles,  163  Strand,  London,  W.C. 
1872.  Heap,  William,  9  Rumford  Place,  Liverpool. 
1878.  Heap,  William  Edward,  Assistant  Engineer  and  Surveyor  to  the  Rochdale 

Corporation,  Town  Hall,  Rochdale. 
1864.  Heathfield,  Richard,  Lion    Galvanising  Works,  Wiggin  Street,  Icknield 

Port  Road,  Birmingham. 

1878.  Hedges,  Killingworth  William,  25  Queen  Anne's  Gate,  Westminster,  S.W. 
1875.  Heenan,     Richard    Hammersley,    Executive     Engineer,    Public     Works 

Department,     Bhawulpoor,     via     Mooltan,     Punjaub,     India;      and 
Parson  stown,  Ireland. 

1879.  Henchman,  Humphrey,  Cape  Government  Railways,  Uitenhage,  Cape  of 

Good  Hope:    (or    care  of  John   Henchman,  Derby  Road,  Woodford, 
Essex,  E.) 
18G9.  Henderson,  David  Marr,  Engineer-in-Chief,  Imperial  Maritime  Customs 
Service    of   China,    Shanghai,     China;    and     Gattaway,     Abernethy, 
Newburgh,  Fife. 

1878.  Henesey,  Richard,  Superintending  Engineer,  Messrs.  W.  Nicol  and  Co., 

Byculla  Iron  Works,  Bombay. 

1875.  Hepburn,  George,  Redcross  Chambers,  Redcross  Street,  Liverpool. 

1876.  Heppell,  Thomas,  Mining  Engineer,  Ouston  Collieries,  Chester-le-Street. 

1877.  Hepworth,  Thomas  Howard,  Curzon  House,  Curzon  Street,  Derby. 

1865.  Hetherington,  John  Mulr,  Vulcan  Works,  Pollard  Street,  Manchester. 

1866.  Hetherington,  Thomas  Ridley,  Vulcan  Works,  Pollard  Street,  Manchester. 
1865.  Hewett,  Edward  Edwards,  High  Court,  High  Street,  Sheffield. 

1872.  Hewlett,  Alfred,  Wigan  Coal  and  Iron  Works,  Kirkless  Hall,  Wigan. 

1872.  Hewlett,  William  Henry,  Wigan   Coal  and  Iron  Works,  Kirkless  Hall, 

Wigan. 
1871.  Hick,  John,  M.P.,  Mytton  Hall,  Whalley,  near  Blackburn. 
1864.  Hide,  Thomas  C,  Messrs.  Hide  and  Thompson,  4  CuUum  Street,  Fenchurch 

Street,  London,  E.C. 

1879.  Higson,   Jacob,   Mining   Engineer,    Crown   Buildings,   18   Booth    Street, 

Manchester. 

1870.  Higson,    John,    Mining    Engineer,    Crown   Buildings,   18   Booth   Street, 

Manchester. 

1873.  Hildebrandt,  John  Albert  Reinhold,  Barlow's  Court,  43  Market  Street, 

Manchester. 

1871.  Hill,  Alfred  C,  Clay  Lane  Iron  Works,  South  Bank,  Yorkshire. 
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1807.  Hill,  Homy  Walker,  51  Hampden  Street,  Nottiiiichiim. 

1873.  Hilton,  Franklin,  Khymney  Iron  Works,  Khymney,  Moumouthshire. 
1876.  Hind,  Thomas  William,  Messrs,  Henry  Hind  and  Son,  Central  Engineering 

Tool   "Works,   Queen's  Road,  Nottingham;    and  G2  Blackfriars  Road, 
London,  S.E. 

1874.  Hird,  Holmes,  Crane  Villa,  Upper  Dale  Road,  New  Normanton,  Derby. 
1870.  Hodges,  Petronius,  171  Burngreave  Road,  Slieffield. 

1880.  Hodgson,  Charles,  Messrs.  Saxby  and  Farmer,  Railway  Signal   Works, 

Canterbury  Road,  Kilburn,  London,  N.W. 
1852.  Holcroft,  James,  Norton,  near  Stourbridge. 
1860.  Holcroft,  Thomas,  Bilston  Foundry,  Bilston. 
1865.  Holliday,     John,     Messrs.     John     Bethell    and    Co.,    Creosote    Works, 

Westbromwich ;     and    Oakfield    Lodge,    B<joth    Street,    Handsworth, 

Birmingham. 
1863.  Holt,  Francis,  Midland  Railway,  Locomotive  Department,  Derby. 

1873.  Holt,  Henry  Percy,  15  Park  Row,  Leeds. 

1867.  Holt,  William  Lyster,  1  Pelham  Place,  South  Kensington,  Loudon,  S.W. 

1867.  Homer,  Charles  James,  Mining  Engineer,  Stoke-upon-Trent. 

1848.  Homersham,  Samuel  CoUett,  19  Buckingham   Street,   Adelphi,   London, 

W.C. 
18G6.  Hopkins,    John   Satchell,  Jesmond    Grove,    Highfield    Road,  Edgbaston, 

Birmingham. 
1856.  Hopkinson,  John,  Messrs.  Wren  and  Hopkinson,  London  Road  Iron  Works, 

Manchester. 

1874.  Hopkinson,  John,  Jun.,   D.Sc,  F.R.S.,  Lighthouse  Department,   Messrs. 

Chance   Brothers    and    Co.,   Spon    Lane,    near   Birmingham;    and    4 
Westminster  Chambers,  Victoria  Street,  Westminster,  S.W. 
1877.  Hopkinson,  Joseph,  Messrs.  Joseph  Hopkinson  and  Co.,  Britannia  Works, 
Huddersfield. 

1867.  Hopper,  William,  Machine  Works,  Moscow :  (or  care  of  Thomas  Hopper, 

46  Queen  Street.  Edinburgli.) 
1880.  Horusby,  James,  Messrs.  Richard  Hornsby  and  Sons,  Spittlegate  Iron 

Works,  Grantham. 
1880.  Hornsby,  William,  Messrs.  Richard  Hornsby  and  Sons,  Spittlegate  Iron 

Works,  Grantham. 
1873.  Horsley,  Charles,  22  Wharf  Road,  City  Road,  London,  N. 

1868.  Horsley,  Thomas,  King's  Newton,  near  Derby. 

1858.  Horsley,    William,    Whitehill     Point    Iron    Works,    Percy    Main,    near 

Newcastle-on-'l'yne. 
1808.  Horton,  Enoch,  Alma  Works,  Darlaston,  near  Wednesbury. 
1871.  Hoi  ton,  George,  Messrs.  Horton  and  Son,  Steam  Boiler  Works,  63  Park 

Street,  Southwark,  London,  S.E. 


MEMBERS.  XXVll. 

1875.  Hosgood,  Tliomas  Hopkin,  Gadlys  Tin  Works,  Abcrdare ;  and  Troedyrhiew, 

Merthyr  Tydvil. 
1873.  Hoskin,  Eichard,  1  East  Parade,  Sheffield. 

1866.  Houghton,  John  Campbell  Arthur^  Woodside  Iron  Works,  near  Dudley. 
18G4.  Howard,  Eliot,  Messrs.  Hay  ward   Tyler   and   Co.,  84  Upper  Whitecross 

Street,  London,  E.C. 

1860.  Howard,  James,  M.P.,  Messrs.  J.  and  F.  Howard,  Britannia  Iron  Works, 

Bedford. 
18G7.  Howard,   Eobert    Luke,    Messrs.    Hay  ward    Tyler   and   Co.,    84   Upper 
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1877.  Western,  Charles  Robert,  Messrs.  Western  and  Co.,  Chaddesden  Works, 

Derby  ;  and  Chaddesden  Hill,  Derby. 
1877.  Western,  Maximilian  Richard,  Messrs.  Western  and  Co.,  Belvedere  Road, 
Lambeth,  London,  S.E. 
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Newcastle-on-Tyne. 
1880.  Westmoreland,  John  William  Hudson,  228  Arkwright  Street,  Nottingham. 
1867.  Weston,   Thomas  Aldridge,  care  of  J.  C.  Mewburn,  169   Fleet  Street, 

London,  E.C. ;  and  5  Bedford  Terrace,  Harpur  Street,  Bedford. 
1880.  Westwood,  Joseph,   Jun.,  Messrs.   Westwood    Baillie  and   Co.,   London 

Yard  Iron  Works,  Poplar,  London,  E. 
1867.  Wheatley,     Thomas,     Manager,     Wigtownshire     Railway,     Wigtown, 

Wigtownshire. 
1856.  Wheeldon,   Frederick  R.,  Hightields  Engine  Works,  Bilston;    and   16 

Waterloo  Road  South,  Wolverhampton. 
1874.  White,  Henry  Watkins,  Chief  Engineer,  H.M.  Dockyard,  Simon's  Town, 

Cape  of  Good  Hope. 

1864.  White,   Isaias,   IMessrs.   Portilla  and  White,   Engineers  and  Iron   Ship 

Builders,    Seville,    Spain :    (or    care    of   Isaac  White,  Pontardulais, 

Llanelly.) 
1876.  Whiteley,  William,  Messrs.  William  Whiteley  and  Sons,  Prospect  Iron 

Works,  Lockwood,  Huddersfield. 
1859.  Whitham,  James,  Perseverance  Iron  Works,  Kirkstall  Road,  Leeds. 

1863.  Whitley,  Joseph,  New  British  Iron  Works,  Corngreaves,  near  Birmingham. 

1865.  Whitley,  Joseph,  Railway  Works,  Hunslet  Road,  Leeds. 
1869.  Whittem,  Thomas  Sibley,  Wyken  Colliery,  Coventry. 

1847.  Whitworth,  Sir  Joseph,  Bart.,  D.C.L.,  LL.D.,  F.R.S.,  44  Chorlton  Street, 

Portland  Street,  Manchester;  and  Stancliffe,  Matlock  Bath. 
1859.  Wickham,  Lamplugh  Wiekham,  Low  Moor  Iron  Works,  near  Bradford. 
1878.  Wicks,  Henry,  Superintendent,  Messrs.  Burn  and  Co.,  Howrah  Iron  Works, 

Howrah,  Bengal,  India. 
1878.  Widmark,      Harald     Wilhelm,      Helsingborgs      Mekaniska     Verkstad, 

Helsingborg,  Sweden. 
1868.  Wigram,  Reginald,  Messrs.  John  Fowler  and  Co.,  Steam  Plough  and 

Locomotive  Works,  Leeds. 
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1877.  Wilkinson,  Robert,  Engineer,  Lima  Water  Works,  Lima,  Peru  :  (or  care  of 

IMesHrd.  Bates  Stokes  and  Co.,  Water  Street,  Liverpool.) 
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18G5.  Williams,  Edward,  Cleveland  Lodge,  Middlesbrough. 
1847.  Williams,  Richard,  Patent  Shaft  Works,  Wednesbury. 
1859.  Williams,  Richard  Price,  38  Parliament  Street,  Westminster,  S.W. 
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and  Talbot  Engine  Works,  Tustin  Street,  Old  Kent  Road,  London,  S.E. 
1870,  Willman,  Charles,  Exchange  Place,  Middlesbrough. 

1878.  Wilson,   Alexander,   Messrs.  Wilson    Cammell    and    Co.,   Steel    Works, 

Dronfield,  near  Sheffield. 

1872.  Wilson,     Alfred,    Messrs.    Howson    and    Wilson,    2    Exchange    Place, 

Middlesbrough. 
1859.  Wilson,  George,  Messrs.  Charles  Cammell  and  Co.,  Cyclops  Steel  and  Ijon 

Works,  Sheffield. 
1867.  Wilson,  Henry,  Phoenix  Brass  Works,  Stockton-on-Tees. 
1863.  Wilson,    John     Charles,     5    Westminster     Chambers,     Victoria     Street, 

Westminster,  S.W. 

1879.  Wilbon,  Joseph  William,  Principal  of  School  of  Practical  Engineering, 

Crystal  Palace,  Sydenham,  S.E. 
1857.  Wilson,  Robert,  F.R.S.E.,  Messrs.  Nasmyth  Wilson  and  Co.,  Bridgewater 
Foundry,  Patricroft,  near  Manchester. 

1880.  Wilson,  Robert,  116  Queen  Victoria  Streetj  London,  E.C. 

1873.  Wilson,  Thomas  Sipling,   care  of  Messrs.  James  Bischoff  and  Sons,  10 

St.  Helen's  Place,  London,  E.C. 

1867.  Winby,  Frederick  Charles,  1  College  Street,  Nottingham. 

1872.  Winstanley,  Robert,  Mining  Engineer,  32  St.  Ann's  Street,  Manchester. 
1859.  Winter,  Thomas  Bradbury,  53  Moorgate  Street,  London,  E.C. 

1872.  Wise,  William  Lloyd,  7  Whitehall  Place,  London,  S.W. 

1871.  Withy,  Edward,   Messrs.   Withy  and   Co.,   Middleton  Iron  Shipbuilding 

Yard,  West  Hartlepool. 
1878,  Wolfe,  John  Edward,  Arthington,  Torquay. 
1878.  Wolfenden,  Richard,  Chief  Engineer,  Chinese  Revenue  Steamer  "Ling 

Feiy,"  Shanghai,  China :  (or  care  of  Frederick  Degenaer,  Zetland  Street, 

Hong  Kong,  China.) 
1878.  Wolfenden,  Robert,  Engineer  and  Millwright,  Shanghai,  China:  (or  care 

of  Frederick  Degenaer,  Zetland  Street,  Hong  Kong,  China.) 

1868.  Wood,  Lindsay,  Mining  Engineer,  Southhill,  near  Chester-le-Street. 

1876.  Wood,    Thomas,    Mining    Engineer,     North     Hetton     Collieries,    Fence 
Houses. 

1873.  Woodhead,  John  Proctor,  54  John  Dalton  Street,  Manchester. 
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1874.  Worsdell,    Thomas    "William,    London    and    North    Western    Eailway, 
Locomotive  Department,  Crewe. 

1877.  "Worssam,  Henry  John,  Messrs.  G.  J.  Worssam  and  Son,  Wenlock  Eoad, 

City  Road,  London,  N. 
1876.  Worssam,    Samuel    William,     Oakley    Works,    King's    Road,    Chelsea, 

London,  S.W. 
1860.  Worthington,   Samuel   Barton,  Resident   Engineer,   London    and  North 

Western  Railway,  Victoria  Station,  Manchester;   and  12  York  Place, 

Oxford  Road,  Manchester. 

1866.  Wren,  Henry,  Blessrs.  Wren  and  Hopkinson,  London  Road  Iron  Works, 

Manchester. 
1870.  Wright,  George  Benjamin,  Goscote  Iron  Works,  near  Walsall. 

1878.  Wright,    George    Howard,    Mining    Engineer,    12    Trumpington    Street, 

Cambridge. 
1876.  Wright,     James,     Messrs.    Ashmore    and    While,    Hope     Iron    Works, 
Bowesfield,  Stockton-on-Tees. 

1867.  Wright,  John  Roper,  Messrs.  Wright  Butler  and  Co.,  Elba  Steel  Works, 

Gower  Eoad,  near  Swansea. 
1867.  Wright,   John    Turner,   Universe    Rope    Works,    Garrison    Street,    Bir- 
mingham. 

1859.  Wright,  Joseph,  Metropolitan  Railway  Carriage  and  Wagon  Co.,  Saltley 

Works,  Birmingham  ;  and  85  Gracechurch  Street,  London,  E.G. 

1860.  Wright,  Joseph,  Neptune  Forge,  Chain  and  Anchor  Works,  Tipton ;  and 

45  Islington  Row,  Edgbaston,  Birmingham. 
1863.  Wright,  Owen,  Broadwell  Forge,  Oldbury,  near  Birmingham. 
1878.  Wright,   William  Barton,   Locomotive    Superintendent,    Lancashire    and 

Yorkshire  Railway,  Victoria  Station,  Manchester. 
1871.  Wrightson,   Thomas,  Messrs.   Head  Wrightsou  and   Co.,   Teesdale  Iron 

Works,  Stockton-on-Tees. 
1865.  Wyllie,  Andrew,  Messrs.  Forrester  and  Co.,  Vauxhall  Foundry,  Vauxhall 

Road,  Liverpool. 

1877.  Wyvill,  Frederic  Christopher,  46  Schiller  Sfcrasse,  Hannover. 

1878.  Yates,  Henry,  Brantford,  Ontario,  Canada. 

1880.  Y^'ates,  William,  Locomotive  Works,  Lancashire  and  Yorkshire  Railway, 
Miles  Platting,  Manchester. 

1879.  Yeomans,     David    Maitland,    13    Lexhara     Gardens,    Cromwell    Road, 

London,  W. 
1879.  Y''oung,  George  Scholey,  Messrs.  T.  A.  Young  and  Son,  Orchard  Place, 

Blackwall,  London,  E. 
1874.  Y''oung,  James,  Managing  Engineer,  Lambton  Colliery  Works,  Fence  Houses. 
1879.  Young,  James,  Low  Moor  Iron  Works,  near  Bradford. 
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1861.  Yule,  William,  Messrs.  J.  II.  Young  and  Co.,  53  Mill  Street,  Bridgeton, 

Glasgow. 
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Stamford  Street,  London,  S.E. 
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1867.  Dewhurst,  John  Bonny,  Bellevue  Cotton  Mills,  Skipton. 
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Durham. 
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1878.  Grosvenor,  The  Right  Hon.  Lord  Richard  De  Aquila,  M.P.,  12  Upper 

Brook  Street,  Grosvenor  Square,  London,  W. 
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and  44  Charles  Street,  Cardiff. 
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Associate.') 
1865.  Longsdon,  Alfred,  2  Crown  Buildings,  Queen  Victoria  Street,  London,  E.C. 

1860.  Manby,  Cordy,  Messrs.  Moore  and  Manby,  Castle  Street,  Dudley. 

1868.  Matthews,   Thomas    Bright,    Messrs.    Turton    Brothers    and    Matthews, 

Phoenix  Steel  Works,  Sheffield. 
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Cannon  Street,  London,  E.C. 
1865.  Parry,  David,  Leeds  Iron  Works,  Leeds. 

1874.  Pepper,  Joseph  Ellershaw,  Clarence  Iron  Works,  Leeds. 

1877.  Render,  Frederick,  Crown  Corn  Mills,  Stanley  Street,  Salford,  Manchester. 

1878.  Roeckner,  Carl  Heinrich,  4  Royal  Arcade,  Newcastle-on-Tyne. 

1875.  Schofield,    Christopher    J.,  Vitriol   and   Alkali    Works,    Clayton,  near 
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1878.  Stuart,  James,  Professor  of  Mechanism  in  Cambridge  University,  Trinity 

College,  Cambridge. 
1869.  Varley,  John,  Farnley  Iron  Works,  Leeds. 

1877.  Vial,  Enrique  de,  Muelle  No.  14,  Santander,  Spain :  (or  care  of  Messrs. 

Alexander  Bell  and  Sons,  8  Finch  Lane,  Loudon,  E.C.) 
1875.  Waslekur,    Nanaji    Narayan,    eare    of    Anglo-Vernacular     Press,    New 
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1880.  Anderson,  Edward  William,  Messrs.  Eastons  and  Anderson,  Erith  Iron 

Works,  Erith,  London,  S.E. 
1878.  Appleby,  Charles,  Jun.,  Messrs.  Appleby  Brothers,  East  Greenwich  Works, 

London,  S.E. 

1878.  Armstrong,  Joseph,  Great  Western  Railway  Works,  Swindon. 

1872.  Armstrong,    Thomas,   2  Westminster   Chambers,  Victoria   Street,  West- 
minster, S.W. 

1879.  Arteaga,  Alberto  de,  care  of  Juan  J.  de  Arteaga,  Rincon  62,  Monte  Video, 

Uruguay :  (or  care  of  Messrs.  Hartog  Reeves  and  Co.,  13  Cullum  Street, 
London,  E.C.) 

1879.  Bagot,  Alan  Charles,  Messrs,  Apps  and  Bagot,  433  Strand,  London,  W.C. 
1869.  Bainbridge,    Emerson,     Nunnery    Colliery     Offices,     New    Haymarket, 

Sheffield. 

1880.  Benhara,  Percy,  Messrs.  Benham,  50  Wigmore  Street,  London,  W. 
1880.  Birkett,  Herbert,  Messrs.  J.  and  E.  Hall,  Iron  Works,  Dartford. 

1880.  Bright,    Thomas    Smith,    Messrs.   Hutchins   and   Bright,   Nott    Square, 

Carmarthen  ;  and  Glannant,  Carmarthen. 
1878.  Brooke,  Arthur,  Messrs.  G.  J.  Worssam  and  Son,  Wenlock  Road,  City 

Road,  London,  N. 
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Leith. 
1879.  Dady,  Jamsetjee  Nesserwanjee,  4  Cawasjee  Patell  Street,  Fort,  Bombay, 
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(or  care  of  Charles  E.  S.  Dobson,  4  Chesterfield  Buildings,  Victoria 

Park,  Clifton,  Bristol.) 
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London,  W. 
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1878.  Newall,   John  W^alker,   Egerton  Iron  Works,  Windsor    Street,   Salford, 

Manchester. 
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GRADUATES.  Iv. 

1880.  Parsons,   The  Hon.  Charles  Algernon,   Sir  W.   G.   Armstrong  and  Co., 

Elswick,  Newcastle-on-Tyne ;  and  21  Budle  Street,  Newcastle-on-Tyne. 
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Hallway,  Natal,  Pernambuco,  Brazil:  (or  care  of  C.  L.  Sheppard,  The 

Hall,  Welwyn.) 

1879.  Solly,    Arthur    John,    care    of    R.    H.    Tweddell,   14    Delahay    Street, 

Westminster,  S.W. 
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MEMOIKS 

OF    MEMBEKS    DECEASED    IN    1879. 

Charles  Cammell  was  born  in  Hull  on  lOth  January  1810,  and 
died  in  London  on  12tli  January  1879,  having  just  entered  his 
seventieth  year.  After  serving  an  apprenticeship  to  an  ironmonger 
in  Hull,  he  came  to  Sheffield  in  1830,  and  entered  the  service  of 
Messrs.  Ibbotson,  of  the  Globe  Works,  as  commercial  traveller.  In 
1837,  in  conjunction  with  Messrs.  Thomas  and  Henry  Johnson,  he 
started  business  in  Furnival  Street,  as  steel  and  file  manufacturers, 
under  the  style  of  Johnson  Cammell  and  Co.  In  1845,  finding 
their  premises  insufficient,  they  removed  to  some  fields  near  the 
Sheffield  and  Eotherham  railway  station,  now  occupied  by  the 
enormous  Cyclops  Works.  In  1852  Mr.  Thomas  Johnson  died, 
and  Mr.  Edward  Bury  became  a  partner  in  the  works.  He  retired 
in  1855,  and  the  firm  then  assumed  the  style  of  Cbarles  Cammell 
and  Co.  In  1861  the  manufacture  of  rails  and  railway  material  was 
added ;  and  in  1863  that  of  armour  plates.  The  business  had  now 
grown  so  large  as  to  necessitate  further  extension  and  development 
of  the  works.  Accordingly  in  1863  additional  works  were  erected 
at  Grimesthorpe,  near  Sheffield :  and  in  1864  the  firm  was  converted 
into  a  Limited  Company,  Mr.  Cammell  taking  the  position  of 
chairman,  which  he  retained  to  his  death.  Under  his  management, 
and  that  of  Mr.  George  Wilson  as  managing  director,  the  success 
of  the  Company,  in  all  departments,  was  continuous  and  brilliant. 
In  1865  they  acquired  the  Yorkshire  Iron  and  Steel  Works,  at 
Penistone,  and  in  1873  the  Oaks  Colliery,  near  Barnsley,  thus 
becoming  the  possessors  of  their  own  raw  material. 
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The  present  position  and  business  of  the  Company  may  be  thus 
described.  At  the  Cyclops  Works,  covering  nearly  eleven  acres,  are 
manufactured  all  kinds  of  crucible  steel,  Bessemer  steel,  and  iron. 
Armour  plates  are  also  made  here,  and  have  been  rolled  to  a 
thickness  of  24  in.,  and  to  a  weight  of  45  tons.  A  special  product  is 
Mr.  Alexander  Wilson's  compound  armour  plate,  consisting  of  an  iron 
plate  with  a  steel  face  welded  on  to  it  (see  Proceedings^l879,  p.  64). 
So  much  success  has  attended  the  development  of  this  process,  that 
the  Admiralty  and  the  War  Department  have  definitely  adopted  the 
system  in  place  of  iron  alone.  At  the  Grimesthorpe  Works,  railway 
springs,  tyres,  and  buffers,  steel  forgings,  and  steel  boiler-plates  are 
manufactured  upon  a  large  scale.  In  the  forge  are  several  heavy 
hammers,  one  of  25  tons  weight,  which  is  used  in  the  forging  of 
heavy  gun-blocks,  marine  and  mill  engine-shafts,  &c.  Here  also 
is  the  steel  foundry,  one  of  the  largest  in  the  kingdom,  capable 
of  turning  out  steel  castings  up  to  35  tons  weight,  and  having 
amongst  other  appliances  a  travelling  crane  to  lift  60  tons.  The 
Penistone  Works  are  entirely  devoted  to  the  production  of  Bessemer 
steel  from  the  converter,  and  its  manufacture  into  rails,  axles,  tyres, 
forgings,  and  ship-plates.  The  collieries  comprise  about  1100  acres, 
and  are  capable  of  raising  about  10,000  tons  of  coal  per  week, 
the  greater  part  of  which  is  consumed  at  the  various  works  of  the 
Company.  Exclusive  of  these,  the  total  area  of  land  occupied  by 
the  works  of  the  Company  is  nearly  60  acres.  Between  5000 
and  6000  men  are  employed,  and  the  weekly  production  of  iron  and 
steel  amounts  to  fully  3500  tons. 

For  some  years  before  his  death  Mr.  Cammell  had  retired  from 
the  active  management  of  the  business,  but  he  continued  to  attend 
the  directors'  meetings,  &c.  His  whole  heart  was  in  his  works, 
neither  politics  nor  local  matters  interesting  him  greatly  ;  and  his 
success  was  mainly  due  on  the  one  hand  to  his  unwearied  industry 
and  perseverance,  and  on  the  other  hand  to  his  skill  in  selecting 
partners  and  subordinates  specially  qualified  to  assist  him  in  the 
development  and  carrying  on  of  his  enormous  business.  He  became 
a  Member  of  the  Institution  in  October  1847,  the  first  year  of  its 
existence  ;  but  he  never  took  any  part  in  the  proceedings. 
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Sampson  Lloyd  Foster,  second  son  of  the  late  Mr.  Sampson 
Foster,  was  born  at  Fakenham  on  7tli  August  1831,  and  died  at 
Ealing  on  31st  March  1879.  He  was  for  some  time  an  active 
partner  in  the  firm  of  Lloyds  Fosters  &  Co.,  Old  Park  Iron  Works, 
Wednesbury.  He  retired  from  the  firm  in  1866,  and  from  that 
time  was  chiefly  engaged  as  director  of  several  mining  and  other 
companies.     He  became  a  Member  of  the  Institution  in  1861. 

William  Froude,  LL.D.,  F.E.S.,  was  born  in  1810,  at  Dartington 
Parsonage,  Devonshire,  the  house  of  his  father  the  Ven.  R.  H.  Froude, 
Archdeacon  of  Totnes.  He  was  educated  at  Westminster  School  and 
at  Oriel  College,  Oxford,  where  he  took  a  first-class  in  mathematical 
honours  in  1832.  He  then  became  a  pupil  of  Mr.  Henry  Eobinson 
Palmer,  Civil  Engineer.  In  1837  he  became  an  assistant  of 
Mr.  Brunei,  and  was  engaged  on  the  works  of  the  Bristol  and  Exeter 
Railway  until  the  completion  of  the  line  in  1844,  being,  during  the 
latter  portion  of  the  time.  Resident  Engineer  of  the  line  on  the 
Devonshire  side  of  the  summit  tunnel.  For  family  reasons  he 
shortly  afterwards  retired  from  the  active  pursuit  of  his  profession ; 
but  on  occasion  he  assisted  his  friend  Mr.  Brunei  in  engineering 
matters,  of  which  perhaps  the  most  important  was  the  investigation 
concerning  friction,  which  he  made  in  reference  to  the  launch  of  the 
Great  Eastern  steamship.  By  trial  of  a  specimen  of  the  iron 
sliding  surfaces,  and  by  automatic  records  of  the  movements  of  the 
ship  herself,  Mr.  Froude  proved  that  the  friction  of  the  sliding 
surfaces  was  not  independent  of  the  velocity  as  commonly  supposed, 
but  became  much  less  as  the  velocity  increased.  It  was  also 
in  connection  with  the  Great  Eastern  that  he  undertook  the 
enquiry  into  the  causes  of  the  Rolling  of  Ships,  which  he 
continued  during  the  subsequent  twenty  years.  The  mechanical 
possibility  of  the  trochoidal  theory  of  ocean  waves,  the  effect  of  the 
cumulative  action  of  more  or  less  synchronous  waves  upon  a  ship, 
and  the  modifying  effects  of  the  resistance  which  a  ship  offers  to 
rolling,  were  worked  out  by  him.  He  also  devised  apparatus  for 
determining  the  characteristic  qualities  of  different  ships,  by 
recording  their  behaviour  when  set  rolling  in  still  water,  or  when 
rolling  in  actual  waves  at  sea. 
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During  the  samo  time  ho  was  actively  engaged  in  enquiry  into 
another  subject  most  important  to  naval  arcliitecture,  namely  the 
resistance  of  ships,  or  in  other  words  the  force  necessary  to  propel 
them  at  various  speeds.  In  the  course  of  this  enquiry  he  determined 
the  law  which  governs  the  relation  between  the  resistance  of  a  ship 
and  that  of  her  model :  he  explained  the  application  of  the  doctrine 
of  stream  lines  to  the  resistance  of  ships :  he  put  into  quantitative 
form  the  several  elements  of  use  and  waste  in  the  employment  of 
steam  power  for  the  propulsion  of  ships  :  he  measured  the  action  of 
the  screw  propeller  in  its  effect  on  the  stream  lines  around  the  stern  of 
a  ship  :  finally  he  investigated  the  circumstances  under  which  a  screw 
propeller  operates,  and  the  loss  of  power  due  to  its  friction,  when 
rotating  in  the  water.  It  was  in  connection  with  this  subject  of  the 
Eesistance  of  Ships  that  he  undertook  for  the  Admiralty,  in  1870, 
the  construction  and  management  of  an  experimental  establishment 
at  Torquay,  for  the  trial  of  models  of  ships.  Here  he  instituted  a 
series  of  exhaustive  experiments  on  the  forms  of  ships,  and  also 
determined  the  resistance  of  models  of  most  of  the  ships  recently 
built  for  the  Eoyal  Navy. 

Mr.  Froude  was  a  member  of  the  Committee  on  Designs  of  Ships 
of  War  in  1870,  and  of  the  Committee  on  the  Inflexible  in  1877. 
He  was  an  able  and  exact  workman,  and  his  mechanical  and 
inventive  powers  are  exhibited  by  the  designs  of  his  experimental 
apparatus,  especially  of  the  rolling-recording  instrument,  of  the 
machinery  for  making  models  (see  Proceedings,  1873,  p.  202), 
and  of  the  several  governors  and  dynamometers  used  in  various 
experiments ;  also  in  a  marked  degree  by  the  conception  of  the 
principle  of  the  marine-engine  dynamometer,  which  he  explained  at 
the  Bristol  Meeting  of  the  Institution,  1877  (see  Proceedings, 
p.  237).  In  addition  to  the  great  services  he  rendered  gratuitously 
to  the  country,  mention  should  be  made  of  the  important  aid  he  gave 
to  his  neighbours,  the  townsmen  of  Torquay,  in  demonstrating  the 
cause  of  the  defective  delivery  in  the  water  supply  of  the  town, 
and  in  carrying  to  a  successful  issue  Mr.  Appold's  ingenious 
suggestion  for  scraping  the  pipe  (see  Proceedings,  1873,  p.  216). 
He  also  assisted  in  the  trials  of  implements  of  the  West  of  England 
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Agricultural  Society,  and  devised  a  simple  dynamometer  for  recording 
the  power  delivered  to  machinery  (see  Proceedings,  1858,  p.  92). 

Mr.  Froude  became  a  Member  of  the  Institution  in  1852.  In  1876 
he  received  the  gold  medal  of  the  Eoyal  Society  for  "  his  researches, 
both  theoretical  and  experimental,  on  the  Behaviour  of  Ships,  their 
oscillations,  their  resistance,  and  their  propulsion."  His  death, 
caused  by  an  attack  of  dysentery,  took  place  on  4th  May  1879,  at 
Admiralty  House,  Simon's  Town,  Cape  of  Good  Hope,  where  he  had 
gone  on  a  pleasure  trip  in  H.M.S.  Boadicea  for  the  benefit  of  his 
health. 

James  Henry  Greaves  was  born  at  Harrogate  on  7th  June  1846. 
After  serving  five  years'  apprenticeship  to  Messrs.  Thwaites  and 
Carbutt,  Bradford,  he  was  employed  by  that  firm  for  a  short  time  as 
their  representative,  and  travelled  for  them  on  the  continent.  This 
position  he  resigned  to  undertake  an  engagement  under  Dr.  Siemens, 
by  whom  he  was  employed  for  several  years  in  superintending  the 
erection  of  steel  and  other  works,  both  in  this  country  and  in  Russia. 
In  1877  he  was  appointed  manager  of  Messrs.  Robey  &  Co.'s 
establishment  at  Breslau,  and  continued  in  that  capacity  to  the  time 
of  his  death,  which  took  place  at  Goerbersdorf,  Schlessin,  on  9th 
January  1879,  in  the  thirty-third  year  of  his  age.  He  became  a 
Member  of  the  Institution  in  1870. 

Ralph  Darling  Grundt  was  born  at  Hindley  on  4th  October 
1846,  and  was  the  son  of  Mr.  Robert  Grundy,  engineer  and  cotton 
spinner,  of  the  same  place.  He  served  his  apprenticeship  at  Wigan 
under  his  uncle,  Mr.  Peter  Johnson ;  but  at  the  age  of  nineteen 
removed  to  the  Wigan  Coal  and  Iron  Co.'s  Works  at  Kirkless. 
Shortly  afterwards  he  went  on  board  Mr.  Lancaster's  yacht  Deerhound, 
and  with  her  went  up  the  Rhine.  In  1869  he  was  made  shop- 
foreman  and  chief  constructor  at  Kirkless,  under  Mr.  Peter  Johnson ; 
in  which  position  he  remained  until  the  death  of  Mr.  Thomas 
Robinson,  one  of  the  colliery  engineers  to  the  company,  when  he 
was  chosen  to  fill  the  vacant  post.  This  he  continued  to  occupy 
till  31st  December  1878.     During  this  time  there  were  added  to  the 
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plant  of  the  Company,  under  his  superintendence  as  mechanical 
engineer,  the  Alexandra  Pit  at  Haigh,  the  Sovereign  Pit  at  West 
Leigh,  and  the  two  Priestners  Pits  at  West  Leigh ;  representing 
collectively  winding-engine  power  of  2000  H.P.,  and  capable  of 
raising  4000  tons  of  fuel  per  day.  At  the  Sovereign  Pit  was 
erected  a  Guibal  fan,  40  feet  diameter  by  15  feet  wide,  with  cast-iron 
case.  Underground  hauling  apparatus  was  also  put  down  at  various 
pits,  to  the  extent  of  about  40  miles  of  rope.  On  the  retirement 
of  Mr.  Peter  Johnson  in  January  1879,  Mr.  Grundy  was  appointed 
to  the  entire  charge  of  the  extensive  fitting  shop  and  locomotive 
department,  which  post  he  occupied  till  his  death  on  7th  November 
1879,  at  the  age  of  thirty-three.  He  was  the  third  of  his  family,  all 
engineers,  who  have  died  while  in  the  service  of  the  Wigan  Coal 
and  Iron  Co.     He  became  a  Member  of  the  Institution  in  1876. 

William  Howe  was  born  at  West  Auckland,  in  the  county  of 
Durham,  on  3rd  March  1814.  He  commenced  work  when  about 
thirteen  years  of  age,  and  worked  at  various  collieries  in  the  district 
as  a  general  carpenter  until  he  was  twenty-one  years  of  age.  He  was 
then  employed  for  about  nine  months  at  the  Shildon  works  of  the 
Stockton  and  Darlington  Railway,  as  a  millwright  and  pattern-maker. 
In  1835  he  went  into  Lancashire,  where  he  worked  as  a  pattern- 
maker in  Messrs.  Jones's  works  at  Newton,  at  the  Vulcan  Foundry 
near  Warrington,  and  at  Messrs.  Mather  and  Dixon's  works  in 
Liverpool.  In  1840  he  removed  to  Gateshead,  and  worked  for  a 
short  time  with  Messrs.  Hawks  Crawshay  and  Co.;  and  in  1841  he 
went  to  work  with  Messrs.  Eobert  Stephenson  and  Co.,  Newcastle-on- 
Tyne,  as  a  pattern-maker.  In  1842,  whilst  in  their  employ,  he 
perfected  the  valve-gear  known  as  the  link-motion,  in  the  form 
in  which  it  has  been  almost  universally  applied  to  locomotives. 
His  original  sketch  and  model  are  now  in  the  South  Kensington 
Museum.  The  full  history  of  the  invention  is  given  in  the 
introduction  to  Mr.  N.  P.  Burgh's  work  on  Link-Motion  and 
Expansion  Gear,  and  in  Mr.  D.  K.  Clark's  work  on  Eailway 
Machinery.  In  1846  he  invented  the  three-cylinder  locomotive 
engine,  a  patent   for  which  was   taken   out  in  the  joint   names  of 
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Mr.  George  Stephenson  and  Mr.  Howe.  In  November  1846  he 
was  appointed  by  Mr.  George  Stephenson  to  the  post  of  engineer  at 
the  Clay  Cross  Collieries,  and  there  he  remained  until  his  death. 

Whilst  at  Clay  Cross  Mr.  Howe  had  abundant  scope  for  the 
development  of  his  mechanical  ability,  and  rarely  met  with  any 
difficulty  which  he  did  not  speedily  devise  some  means  to  overcome. 
In  1847  he  made  the  first  application  of  the  link-motion  to  a  winding 
engine,  using  what  he  called  the  "twin-solid"  form:  in  which 
the  link  was  composed  of  two  solid  bars,  sliding  in  curved  slots  on 
each  side  of  a  solid  block  fixed  to  the  end  of  the  valve-rod.  An 
improved  form  of  this  was  applied  to  a  large  winding-engine  erected 
at  Clay  Cross  in  1854,  and  has  been  at  work  ever  since  without 
repair  or  alteration.  In  1864,  when  designing  new  winding-engines 
for  an  extension  of  the  collieries,  he  applied  a  modification  of  his 
own  of  Allau's  straight-link  motion,  with  much  success.  Besides 
these  applications  of  the  link-motion,  he  designed  in  1849  or  1850 
a  self-acting  brake  for  winding  engines;  and  shortly  afterwards 
the  self-acting  fence  which  is  now  so  universally  used  at  the  top 
of  colliery  winding  shafts.  About  1867  his  health  began  to  fail, 
but  he  continued  in  the  discharge  of  his  duties  until  within  a 
fortnight  of  his  death,  which  took  place  on  16th  January  1879,  in 
the  sixty-fifth  year  of  his  age. 

Mr.  Howe's  early  education  was  very  imperfect,  but  after  coming 
to  manhood  he  never  ceased  in  his  endeavours  to  improve  it.  During 
the  time  he  was  a  workman  he  employed  his  leisure  hours  in 
acquiring  mathematical  knowledge,  and  in  learning  mechanical 
drawing,  in  which  he  soon  became  very  proficient.  He  was  a  member 
of  Council  of  the  Chesterfield  and  North  Derbyshire  Institute  of 
Engineers  (which  he  largely  assisted  in  promoting),  from  the  time  of 
its  formation  in  April  1871  until  his  death.  He  became  a  Member 
of  this  Institution  in  1860,  and  in  1862  gave  some  particulars  of  a 
large  Cornish  pumping  engine,  with  wrought-iron  beam,  then  in  course 
of  erection  at  Clay  Cross.  In  the  following  year  he  contributed  a 
valuable  paper  fully  describing  this  engine  (Proceedings,  1863, 
p.  248).  In  1870,  in  a  discussion  on  Midland  colliery  working,  he 
made  some  remarks  on  haulage  by  endless  chain  at  Clay  Cross.     He 
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also  contributed  a  paper  on  an  equilibrium  slide-valve  to  the  South 
Wales  Institute  of  Engineers  in  18G5,  and  a  paper  on  the  Clay  Cross 
blast  furnaces  to  the  Chesterfield  Institute  in  October  1872.  He 
was  a  zealous  promoter  of  the  Stephenson  Memorial  Hall  at 
Chesterfield,  and  took  an  active  interest  in  the  local  business  of  Clay 
Cross.  On  17th  April  1872  he  was  presented  with  a  purse  containing 
upwards  of  £200,  a  handsome  gold  watch,  and  an  address,  "  as  an 
acknowledgment  for  practically  developing  the  invention  of  the  Link- 
motion  in  August  1842." 

William  Edward  Newton  was  born  in  London  on  23id  January 
1818.  He  was  extensively  engaged  in  business  as  a  surveyor  and 
civil  engineer.  He  also  acted  as  a  patent  agent  for  a  considerable 
part  of  his  life,  and  took  great  interest  in  the  working  of  the 
patent  laws.  He  became  a  Member  of  the  Institution  in  1862 ; 
and  in  1873  read  a  paper  on  Tilghman's  sand-blast  process 
(Proceedings  1873,  page  260).  His  death  took  place  on  1st  April 
1879,  at  the  age  of  sixty-one. 

George  Saxon  was  born  in  Manchester  on  20th  September  1821. 
He  was  apprenticed  with  Mr.,  afterwards  Sir  William,  Fairbairn,  at 
his  Manchester  works — an  apprenticeship  which  he  completed  to  Mr. 
Fairbairn's  great  satisfaction.  Afterwards  he  superintended  the 
erection  of  many  of  Mr.  Fairbairn's  great  engineering  works.  In  1851 
he  accepted  an  engagement  as  foreman  to  Mr.  Benjamin  Goodfellow, 
Engineer,  at  Hyde,  near  Manchester.  While  in  this  employment,  in 
1854,  he  patented  a  fusible  plug  for  steam  boilers,  which  has  proved 
highly  successful,  and  is  still  extensively  used.  In  1856  he 
commenced  business  in  Openshaw,  Manchester,  as  engineer  and 
millwright — a  business  which  increased  considerably  under  his 
energetic  and  skilful  management.  His  great  practical  knowledge  led 
him  to  make  many  improvements  in  this  department  of  engineering, 
amongst  others  an  automatic  cut-off  motion,  which  is  being  extensively 
applied  at  the  present  time.  His  death  took  place  at  his  residence 
at  Openshaw,  on  31st  October  1879,  at  the  age  of  fifty-eight.  He 
became  a  Member  of  the  Institution  in  1875. 
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The  Thirtt-thtrd  Annual  General  Meeting  of  the  Institution 
was  held  at  the  Institution  of  Civil  Engineers,  London,  on  Thursday, 
22nd  January,  1880,  at  Three  o'clock  p.m. ;  John  Robinson,  Esq., 
Retiring  President,  in  the  chair,  succeeded  by  Edward  A.  Cowpeh, 
Esq.,  President  elected  at  the  Meeting. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and  signed 
by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election  of 
New  Members  had  been  opened  by  a  committee  of  the  Council,  and 
the  following  New  Members,  Associate,  and  Graduates  were  found  to 
be  duly  elected  : — 

members. 

Michael  Mary  Brophy, 

John  Dickinson, 

John  Edward  Eager,     . 

Robert  Edwards, 

John  Wilfrid  de  Yillemont  Galwey, 

Thomas  Hawthorn, 

Charles  Hodgson, 

Thomas  Bell  Lightfoot,    . 

Edward  Russell  Morris, 

John  Saxby,       .... 

Joseph  Westwood,  Jun.,  . 

Robert  Wilson, 

Ferdinand  Henry  Zifi'er, 


London. 

Sunderland. 

Abo,  Finland, 

Deal. 

Warrington. 

Gateshead. 

London. 

Newcastle-on-Tyne. 

London. 

London. 

London. 

London. 

Manchester. 
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ASSOCIATE. 

Washington  Bagshawe,  .  .  .     Newcastlc-on-Tyue. 

GRADUATES. 

Percy  Benham,       ....     London. 

Khys  Jenkins,  ....  Llanclly. 

The  Hon.  Charles  Algernon  Parsons,  Newcastle-on-Tync. 

John  Mackworth  Wood,    .  .  London. 


The  following  Annual  Eeport  of  the  Council  was  then  read : — 

ANNUAL  EEPORT  OF  COUNCIL. 

1880. 

The  Council  have  pleasure  in  laying  the  following  Annual  Report 
before  the  Meeting,  on  this  occasion  of  the  Thirty-third  Anniversary 
of  the  Institution. 

The  roll  of  the  Institution  shows  that  at  the  end  of  the  year  1879 
there  were  on  the  list  1178  Members  of  all  classes,  as  compared  with 
1140  Members  of  all  classes  at  the  corresponding  period  of  the 
previous  year,  giving  an  effective  increase  of  38.  This  increase  arises 
as  follows : — there  have  been  elected  within  the  year  86  Members  of 
all  classes ;  there  have  been  lost  by  deceases  17  Members  of  all 
classes,  and  by  resignation  or  removal  from  the  register  31  Members 
of  all  classes. 

The  following  Deceases  of  Members  of  the  Institution  have 
occurred  during  the  past  year : — 

Charles  Cammell, Sheffield. 

Sampson  Lloyd  Foster, London. 

"William  Feoude, Torquay. 

James  Henry  Greayes, Brealau. 

Kalph  Darling  Grundy, Wigan. 

William  Howe, Clay  Cross. 

William  Edward  Newton, London. 

George  Saxon, Manchester. 


Jan.  1880.  ANNUAL  REPORT.  11 

The  following  gentlemen  have  resigned  their  Membership  in  the 
Institution  during  the  past  year  : — 

Frederick  Barker  (Associate), Leeds. 

Edward  Barton, Carnforth. 

Charles  0.  Beardshaw, Sheffield. 

Charles  Bell, Taganrog. 

Francis  Berry, Sowerby  Bridge. 

Isaac  Bhadley, Connecticut. 

Henry  Cochrane, Middlesbrough. 

William  Langton  Coke, Alfreton. 

Willoughby  Crampton, Sheffield. 

Frank  Evers, Stourbridge. 

John  Fairless, Newcastle-on-Tyne. 

John  Gibson, Sunderland. 

Henry  Hind, Nottingham. 

Samuel  Jackson, Sheffield. 

Alexander  Fkederick  Jones  (Graduate),    .     .     .     Folkestone. 

William  Jones, Manchester. 

Edward  Eigge  Lloyd, Birmingham. 

Horace  Mayhew  (Graduate^, Wigan. 

William  Hall  Pearson, Birmingham. 

Daniel  Pidgeon, London. 

Joseph  de  Rosthorn, Vienna. 

Arthur  Sparrow, Longton. 

John  Stevenson, Middlesbrough. 

William  Weldon  Symington, Market  Harborough. 

William  Walker, Saltburn. 

Stuart  Crawford  Wardell, Alfreton. 

William  Wright, Lostwithiel. 

The  following  gentlemen  have  ceased   to   be   Members  of  the 
Institution  during  the  past  year  : — 

Frederick  Ayton, Glasgow. 

John  Cochrane, London. 

Thomas  Deakin, Natal. 

James  Durie, Manchester. 

John  Hartness, Sunderland. 

Benjamin  Carr  Lawton  (Associate), Corbridge. 

Augustus  Stephen  Lukin, Chesterfield. 

Thomas  Edward  Day  Plubi, London. 
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Joseph  Stephenson  (Graduate), Tunstall. 

IIknky  Josiirii  West, London. 

Charles  Fuldeuic  Trelaavny  Younc;, London. 

The  accounts  for  tlic  past  year,  having  been  passed  by  the 
Finance  Committee,  and  having  been  audited  by  Messrs.  Eobert 
A,  McLean  &  Co.,  Public  Accountants,  are  now  submitted  to  the 
Members  (see  Appendix  /.).  It  will  be  seen  that  the  receipts  for 
the  year  have  been  £3782  13s.  Sd.,  while  the  expenditure  for  the 
year  has  been  £3674  5s.  5d.,  showing  a  balance  of  receipts  over 
expenditure  of  £108  7s.  lOd. 

A  Balance  Sheet  is  also  given,  showing  the  financial  position  of 
the  Institution  at  the  end  of  the  year.  From  this  it  will  be  seen  that 
the  total  investments  and  other  assets  amounted  to  £12,862  3s.  2d., 
and  the  total  liabilities  to  £589  10s.  7d. ;  leaving  the  capital  of 
the  Institution  at  the  end  of  the  year  at  £12,272  12s.  7d. 

The  greater  portion  of  the  capital  of  the  Institution  is  invested,  as 
will  be  seen,  in  Four  per  cent.  Eailway  Debenture  Stocks,  registered 
in  the  name  of  the  Institution  :  the  former  Trustees  having  formally 
transferred  them  to  the  Institution,  in  accordance  with  the  resolution 
passed  at  the  last  Annual  General  Meeting. 

At  the  last  Annual  General  Meeting  a  sum  of  £300  was  voted 
by  the  Institution  for  the  purposes  of  Experimental  Eesearch  on 
mechanical  questions.  The  Council,  after  full  consideration,  decided 
that  the  subjects  to  be  first  investigated  should  be  the  following  : — 
the  Hardening,  Tempering,  and  Annealing  of  Steel ;  the  Best  Form 
of  Eiveted  Joints  to  resist  strain,  in  iron  or  steel,  or  in  combination  ; 
and  Friction  between  solid  bodies  at  High  Velocities.  Committees 
were  appointed  to  deal  with  each  of  these  three  subjects,  on  which 
many  gentlemen  of  scientific  eminence  consented  to  act.  In 
accordance  with  the  instructions  of  the  Council,  each  Committee 
made  it  their  first  duty  to  collect  and  collate  all  the  information 
already  available  upon  that  particular  subject.  This,  as  was  expected, 
proved  to  be  a  work  of  much  time  and  labour ;  but  it  was  at  length 
so  far  completed  that  each  Committee  was  able  to  present  to  the 
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Council  a  First  Report,  stating  the  result  of  their  investigation  into 
the  subject,  and  the  nature  of  the  experiments  which  in  their  opinion 
it  was  still  desirable  to  make  upon  it.  These  Reports  have  been 
approved,  and  circulated  among  the  Members  ;  and  the  Council  feel 
sure  that  they  are  only  representing  the  wishes  of  the  Institution  in 
proposing  a  special  vote  of  thanks  to  the  Members  of  the  three 
Committees,  and  especially  to  the  Honorary  Reporters,  Mr.  Wm. 
Anderson,  Professor  W.  C.  Unwin,  and  Professor  A.  B.  W.  Kennedy, 
for  the  great  amount  of  time  and  labour  they  have  given,  and  for  the 
great  scientific  skill  evinced  in  the  production  of  these  Reports. 

The  following  Donations  to  the  Library  of  the  Institution  have 
been  received  during  the  past  year,  for  which  the  Council  have  the 
pleasure  of  expressing  their  thanks  to  the  Donors.  Feeling  the  great 
desirability  of  enlarging  and  improving  the  Library,  which  they  hope 
to  render  still  more  available  for  the  purposes  of  the  Institution, 
the  Council  again  invite  the  Members  to  make  donations  of  books, 
original  pamphlets,  or  reports. 

(jPor  List  of  Donations  see  Appendix  II.) 

In  the  course  of  1879  the  Meetings  held  were  the  Annual  General 
Meeting,  an  April  Meeting,  and  a  June  Meeting,  all  in  London, 
the  Summer  Meeting  in  Glasgow,  and  the  Autumn  Meeting  in 
Manchester  :  thus  making  five  Meetings  in  the  year,  instead  of  four  as 
heretofore.  Ten  days  in  all  were  devoted  to  the  reading  and  discussion 
of  Papers,  being  three  more  than  in  any  previous  year.  The  list  of 
Papers  is  as  follows : — 

On  the  Construction  of  Armour   to   resist  Shot  and  Shell ;    by  Capt.   C.    O. 

Browne,  R.A. 
The  Heslop  Engine,  a  chapter  in  the  history  of  the  Steam  Engine;  by  Mr.  H. 

A.  Fletcher. 
On  the  Economy  of  Railway  Working ;  by  Mr.  R.  Price  "Williams. 
On  recent  Brake  Experiments  upon  the  Lyons  Railway  ;  by  M.  George  Marie. 
On  the  Effect  of  Brakes  upon  Railway  Trains  ;  by  Captain  Douglas  Galton,  C.B., 

Hon.  D.C.L.,  F.R.S.     (Third  Paper.) 
On  the  Construction  and  Comparative  Merits  of  the  Safety  Lamps  generally  in 

use ;  by  Mr.  Alan  C.  Bagot. 
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Ou  Electric  Lighting ;  by  Dr.  John  Ilopkinson,  F.R.S.     (First  Paper.) 
Experiments  referring  to  the  use  of  Iron  and  Steel  in  Iligh-Prussure  Boilers; 

by  INIr.  David  Greig  and  Mr.  Max  Eyth. 
On  the  Com})ounding  of  Locomotive  Engines  ;  by  M.  Anatole  Malk  t. 
On  Injector  Hydrants  for  Fire  Extinction ;  by  Mr.  J.  H.  Greathead. 
On  the  Pneumatic  Marine  Governor  ;  by  Mr.  D.  J.  Dunlop. 
On  the  Velometer  Governor  for  Marine  and  Stationary  Engines ;  by  Mr.  F.  W. 

Durham. 
On  the  INIaintenance  of  Constant  Pressure  in  Water  Service  Pipes  ;  by  Mr.  Stephen 

Alley. 
Ou  Barton  and  West's  Water  Pressure  Reducer ;  by  !Mr.  W.  H.  Thomas. 
On  Barton  and  West's  Piston  Water  Meter ;  by  Mr.  W.  H.  Thomas. 
On  the  Flow  of  Water  round  River  Bends ;  by  Professor  James  Thomson,  F.R.S. 
On  the  Forging  of  Crank  Shafts  ;  by  Mr.  W.  L.  E.  McLean. 
On  Water-Power  Engines  with  Variable  Stroke ;  by  Mr.  John  Hastie. 
On  the  Working  of  Traction  Engines  in  India ;  by  Mr.  R.  E.  B.  Crompton. 
On  the  Construction  and  Working  of  a  Vertical- Action  Steam-Dredger  in  India  ; 

by  Mr.  R.  B.  Buckley. 
On  the  Loss  of  Power  in  the  Screw  Propeller,  and  the  means  of  improving  its 

Efficiency  ;  by  the  Hon.  R.  C.  Parsons. 
On  Fireless  Locomotives  for  Tramways  ;  by  M.  Leon  Francq. 


The  attendances  at  tlie  Meetings  were — at  tlie  Annual  General 
Meeting  62  members  and  27  visitors;  at  the  April  Meeting  83 
members  and  73  visitors;  at  the  June  Meeting  71  members  and  39 
visitors ;  at  the  Summer  Meeting  175  members  and  143  visitors  ;  at 
the  Autumn  Meeting  50  members  and  32  visitors.  At  the  April 
Meeting  the  experiment  was  tried  of  changing  the  hour  of  meeting 
from  the  morning  to  the  evening,  and  the  consequent  improvement  in 
the  attendance  was  very  marked. 

The  Summer  Meeting  was  held  in  Glasgow,  and  despite  the 
severe  depression  of  trade  proved  thoroughly  successful  and  enjoyable. 
The  works  of  the  City  and  district  were  freely  thrown  open  to  the 
Institution,  and  several  special  excursions  were  organised,  at  which 
the  Members  were  hospitably  entertained.  The  Meeting  was  brought 
to  a  close  by  an  excursion  in  the  steamer  lona,  through  the  Kyles  of 
Bute  and  up  Loch  Fyne  to  Inverary,  on  the  kind  invitation  of  the 
Institution  of  Engineers  and  Shipbuilders  in  Scotland. 
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In  accordance  with  the  Rules  of  the  Institution,  the  President, 
two  Vice-Presidents,  and  five  Members  of  Council  in  rotation,  go  out 
of  office  this  day.  The  result  of  the  ballot  for  the  Council  of  the 
year  1880-81  will  be  reported  to  the  present  Meeting. 
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APPENDIX  I. 

Dr.  ACCOUNT  OF  EXPENDITURE  AND  EECEIPTS 

Expenditure.  £  8.  d. 
To  Printinp:  nnd  Engraving:  Proceetlings     ....       10r)3     8     0 

Less  Authors'  Copies  of  Papers,  repaid  ....          92    0    G  961  7  G 

„  Stationerv,  Bindinp;,  and  General  Printing 227  5  3 

„  Rent        .' .OoO  0  0 

.,  Salaries  nnd  Wages 1202  IG  2 

„  Coals,  Firewood,  and  Gas 29  .5  7 

.,  Fittings  and  Repairs 39  12  10 

.,  Office  Furniture 49  5  0 

„  Postages 222  3  11 

.,  Insurance,  2  j-ears 66G 

„  Law  Charges 12  12  0 

„  Travelling  Expenses 19  13  4 

„  Petty  Expenses 57  2  8 

„  Meeting  Expenses — 

Printing 47     1     0 

Reporting 77     8     8 

Diagrams,  Screen,  &c 32  16     0 

Travelling  and  Incidental  Expenses    ....         70     7    2  227  12  10 

„  Research '.      '.      '.  69  1  10 

„  Balance,  being  excess  of  Receipts  over  Expenditure    ....  108  7  10 


£3,782  13    3 


Dr.  BALANCE  SHEET, 

£  s.  d. 
To  Cash  due  to  Bank,  for  cheques  issued  but  not  presented  .  .  589  10  7 
Capital  of  the  Institution  at  this  date 12,272  12    7 


£12,862    3     2 


(Signed)         EDWARD  A.  COWPER  \  „.  ^ 

EDWARD  EASTON         (  Finance  Committee. 
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APPENDIX  I. 

FOR  THE  YEAR  ENDING   31st  DECEMBER  1879.  Or. 

Receipts.  £       s-    d. 
By  Entrance  Fees — 

71  New  Members  at  £2 ".      .  142     0     0 

1     „    Associate    „  £2 2     0     0 

13    „     Graduates  „  £1 13     0     0 

3  Graduates  transferred  to  Members  at  £1  .      .  300      IGOOO 

„  Subscriptions  for  1879 — 

967  Members  at  £3 2,901     0     0 

22  Associates  „  £3 66     0     0 

49  Graduates,,  £2 98     0     0 

3  Graduates  transferred  to  Members  at  £1      .  3     0     0  3,0G8     0     0 

„  Subscriptions  in  arrear — 

23  Members  at  £3 69     0     0 

1  Graduate  at  £2 2     0     0       71     0    0 

„  Subscriptions  in  advance — 

19  Members  at  £3 57     0     0 

1  Graduate  at  £2 2     0    0        59     0    0 

„  Interest — 

From  BanJc 747 

„     Investments 351  12     8      358  17     3 

„  Reports  of  Proceedings — 

Extra  Copies  sold 65  16     0 


£3,782  13     3 


AS  AT  31sT  DECEMBER  1879.  Cr, 

£      s.    d. 
By  Cash— Jn  Bank 175  18    3 

„  Secretary's  hands 250     0     0  425  18    3 

IiiVGstrnGnts— — 

£3,178  London  &  N.  W.  By.  4%  Debenture  Stoch 
£2,200  North  Eastern         „     „ 
£1,800  Midland  „     „  „ 

£1,800  Great  Western        „     „  „  „ 

£8,978 cost      8,868    4  11 

„  Subscriptions  in  Arrear 318  0  0 

„  Office  Furniture  and  Fittings 350  0  0 

„  Library  and  Proceedings 2,500  0  0 

„  Drawings,  Engravings,  Models,  Specimens,  and  Sculpture      .  400  0  0 

£12,862     3    2 

Audited  and  Certified  by 

ROBERT  A.  McLean  &  Co.,  Auditors,  8  Old  Jewry,  London. 
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APPENDIX   II. 


LIST  OF  DONATIONS  TO  THE  LIBRARY. 


Oa  the  Acquisition  of  Railways  by  the  State,  and  on  Railway  Facts,  by  F.  T. 

Haggard ;  from  the  author. 
On  Fuel,  its  Combustion  and  Economy,  by  D.  K.  Clark  ;  from  the  author. 
On  Accidents  in  Mines,  by  Alan  Bagot ;  from  the  author. 
On  Experimental  Firing  at  Shields  of  55  Centimetres,  at  Spezia ;  from  Captain 

English. 
On  the  Steam  Engine  of  the  Future,  by  John  Bourne  ;  from  the  author. 
Charts  of  Prices  of  Iron  and  Coal  for  successive  years,  by  "Walter  E.Wood; 

from  the  author. 
A  Treatise  on  the  Locomotive  Engine,  by  C.  Pambour ;  from  Mr.  Bryan  Donkin, 

Jun. 
LTndustrie  de  la  Papeterie,  by  G.  Planch  ;  from  Mr.  Bryan  Donkin,  Jun. 
On  a  Swedish  Calculating  Machine,  by  G.  and  E.  Schentz ;  from  Mr.  Bryan 

Donkin,  Jun. 
Mechanics,  by  "W.  Whewell ;  from  Mr.  Bryan  Donkin,  Jun. 
On  Canal  Navigation,  by  W.  Fairbairu ;  from  Mr.  Bryan  Donkin,  Jun. 
On  the  Steam  Engine,  by  J.  Milne ;  from  Mr.  Bryan  Donkin,  Jun. 
On  the  Steam  Engine,  by  J.  Farey ;  from  Mr.  Bryan  Donkiu,  Jun. 
Nautical  Experiments,  by  Colonel  Beaufoy ;  from  Mr.  Bryan  Donkin,  Jun. 
Various  Nos.  of  the  Philosophical  Magazine,  Vols.   I.-XI. ;   from  Mr.  Bryan 

Donkin,  Jun. 
Installation  du  Service  d'Eaux  Municipal  de  Nijni-Novgorod,  by  L.  Poillon ; 

from  the  author. 
On  Railway  Appliances,  by  J.  "Wolfe  Barry  ;  from  the  author. 
On  Friction,  by  R.  H.  Thurston;  from  Mr.  V.  Pendred. 
Etude  comparee  des  Regulateurs,  by  G.  Marie ;  from  the  author. 
Revue  Industrielle,  1874-78  ;  from  Mr.  Henry  Chapman. 
Annales  Industrielles,  vols.  1  and  2 ;  from  Mr.  Henry  Chapman. 
Traite  de  Me'tallurgie,  by  M.  Jullien ;  from  Mr.  Henry  Chapman. 
Recherches  sur  la  Composition  des   Aciers,   by  M.   Jullien ;  from   Mr.  Henry 

Chapman. 
Spon's  Dictionary  of  Engineering ;  from  Mr.  J.  S.  Hopkins. 


Jan.  1880.  ANNUAL    REPORT.  19 

Travaux  Publics  des  Etats-Unis  d'Amdrique  en  1870,  by  M.  Malezicux;  from 

Mr.  J.  S.  Hopkins. 
Essential  Elements  of  Practical  Mechanics,  by  Oliver  Byrne ;  from  Mr,  J.  S. 

Hopkins. 
Practical   Illustrations   of  Land  and  Marine  Engines  and    Boilers,  by  N.  P. 

Burgh ;  from  Mr.  J.  S.  Hopkins. 
The   Mechanician  and  Constructor  for  Engineers,  by  Cameron   Knight ;   from 

Mr.  J.  S.  Hopkins. 
On  Electric  Lighting  and.  its  Practical  Application,  by  J.  N.  Shoolbred  ;  from  the 

author. 
Etude  comparative  surle  Pouvoir  Eclairant  du  Gaz  et  de  I'Electricite,  by  E.  Cose; 

from  the  Gas  Association  of  France. 
On  the  Working  of  Punkahs  in  India,  by  the  Hon.  R.  C.  Parsons  ;  from  the  author. 
On  the  Transmission  of  Vocal  and  other  Sounds  by  Wire,  by  W.  J.  Millar; 

from  the  author. 
Note  sur  la  Re'sistance  des  Tubes,  by  Theodore  Belpaire ;  fi  om  the  author. 
On  the  Sanders  and  Bolitho  Continuous  Automatic  Brake;   from  Mr.  It.  D. 

Sanders. 
Pompes  de  I'Exposition  a  Paris,  by  L.  Poillon  ;  from  the  author. 
On  the  London  Water  Supply,  by  a  Civil  Engineer ;  from  Mr.  Hyde  Clarke. 
On  the  Water  Supply  of  the  Metropolis,  by  W.  Burch  ;  from  Mr.  Hyde  Clarke. 
On  Sewer  Gas  and  its  Effects  (extracts) ;  from  Mr.  Hyde  Clarke. 
Report  on  the  Bcrdan  Machine,  by  T.  H.  Henry,  F.R.S.,  and  J.  S.  Atkinson; 

from  Mr.  Hyde  Clarke. 
Abhandlungen  der  Koniglicben  Akademie  der  Wissenscliaften,  Berlin ;    from 

Mr.  Hyde  Clarke. 
Mittheilungen  des  Gewerbe-vereins,  1876,  part  6 ;  from  Mr.  Hyde  Clarke. 
Notes  on   some    Statical    Problems    connected   with  Mechanics,   by  Professor 

Kennedy  ;  from  the  author. 
On  the  Treatment  of  Steel  Plates,  by  Mr.  H.  Sharp ;  from  the  author. 
On  the  Sea-Ports  of  France,  with  plates ;  from  the  Minister  of  Public  Works. 
List  of  Lighthouses  &c.  in  the  Chinese  Section,  1879;  from  the  Secretary  of  the 

Chinese  Customs  OflSce. 
Conference  on  Continuous  Brakes ;  from  M.  D.  Banderali. 
Aeneidea,  by  James  Henry  ;  from  Mr.  Thomas  E.  Henry. 
On  Improvements  in  Sulphuric  Acid  Manufacture,  by  W.  G.  Strype;  from  the 

author. 
American  Engineering,  as  illustrated  by  the  American  Society  of  Civil  Engineers 

at  the  Paris  Exhibition,  1878  ;  from  Mr.  Edward  P.  North. 
Report  upon  Brakes  used  on  the  Lyons  Railway,  by  M.  Marie';  from  the  author. 
Esperienze   sulla  Resistenza   dei  principali  Metalli  dei  Bocche  da  Fuoco,  by 

G.  Rosset ;  from  the  Reale  Accademia  dei  Lincei,  Rome. 

G    2 
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On  Electricity  and  Magnetism,  by  Professor  Jcnkin ;  from  the  author. 

On  Iron  and  Steul  for  Constructive  Purposes,  by  Daniel  Adamson ;  from  the 

author. 
On  Riveting,  by  M.  Tiudewig ;  from  Dr.  Ennenyi. 
On  Differential  Brakes,  by  M.  Pechan  ;  from  Dr.  P>menyi. 
Etude   sur  I'Exploitation   des    Chemins  de   Fer  par  I'Etat,   l>y    F.   Jacqmin  ; 

from  Mr.  Henry  Chapman. 
La  Locomotive  sans  Foyer,  by  Leon  Francq ;  from  the  author. 
On  the  Strength  and  Elasticity  of  Materials,  by  W.  J.  Millar;  from  the  author. 
On  Steam  Ship  Efliclency,  by  Robert  Mansel ;  from  the  author. 
Index  to  our  Railway  System  and  our  Leading  Lines  (third  vol.),  by  William 

Fleming  ;  from  the  author. 
Transmission  des  Forces  Motrices,  by  A.  Achard ;  from  the  author. 
Advantages   of  "Wind,  "Water,  and  Steam,  by  Samuel  B.  Gosliu ;   from  Messrs. 

J.  Warner  and  Sons. 
Etudes  sur  le  Blanchissage  du  Linge,  by  N.  Sergueeff ;  from  the  author. 
Annual  Report,  Public  Free  Library,  Manchester. 
Annual  Report,  Public  Free  Library,  Liverpool. 

Petition  for  Prolongation  of  Patent  on  Steel;  from  Sir  Joseph  Whitworth. 
Our   Railways,  should    they    be   Private    or    National    Property?     by    E.   J. 

Watherston  ;  from  the  author. 
On  the  Latest  Improvements  in  Marine  Engines  and  Boilers,  by  J.  R.  Ravenhill ; 

from  the  author. 
On  the  Record  of  Train  Mileage  and   Engine   Duty  on  Indian  Railways,   by 

C.  E.  Cardew  ;  from  the  author. 
Report  on  Russian  Railways;  from  Mr.  T.  Urquhart. 
On  the   Structure  of   Cast-Steel  Ingots,  by  D.   Chernoflf;  from  Mr.   William 

Anderson. 

Reports  of  the  Academy  of  Sciences,  France ;  from  the  Academy. 
Reports  of  the  Royal  Academy  of  Sciences,  Belgium  ;  from  the  Academy. 
Reports  of  the  Royal  Institute  of  Engineers,  Holland ;  from  the  Institute. 
Annals  of  the  Ecole  des  Ponts  et  Chaussees,  Paris ;  from  the  Directors. 
Annals  of  the  Conservatoire  des  Arts  et  Metiers,  Paris  ;  from  the  Dii-ectors. 
Proceedings  of  the  French  Institution  of  Civil  Engineers ;  from  the  Institution. 
Journal  of  the  French  Society  for  the  Encouragement  of  National   Industry  ; 

from  the  Society. 
Journal  of  the  Marseilles  Scientific  and  Industrial  Society ;  from  the  Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Trieste  ;  from  the  Society. 
Proceedings  of  the  Engineers'   and   Architects'    Society  of  Milan ;   from  the 

Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Florence ;  from  the 

Society. 
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Proceedings  of  the  Engineers'  and  Architects'  Society  of  Canton  Vaud  ;  from  the 
Society. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Austria  ;  from  the  Society. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Hanover;  frum  the 
Society. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Prague ;  from  the  Society. 

Proceedings  of  the  Industrial  Society  of  St.  Quentin ;  from  the  Society. 

Proceedings  of  the  Industrial  Society  of  Mulhouse ;  from  the  Society. 

Proceedings  of  the  Industrial  Society  of  the  North  of  France ;  from  the  Society. 

Proceedings  of  the  Saxon  Society  of  Engineers ;  from  the  Society. 

Proceedings  of  the  Swedish  Society  of  Engineers  ;  from  the  Society. 

Journal  of  the  Norwegian  Polytechnic  Society  ;  from  the  Society. 

Journal  of  the  Franklin  Institute  ;  from  the  Institute. 

Transactions  of  the  American  Society  of  Civil  Engineers ;  from  the  Society. 

Transactions  of  the  American  Institute  of  Mining  Engineers  ;  from  the  Institute. 

Report  of  the  Smithsonian  Institution ;  from  the  Institution. 

Proceedings  of  the  Engineers'  Club  of  Philadelphia ;  from  the  Club. 

Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal ;  from  the  Society. 

Report  of  the  Sassoon  Mechanics'  Institute,  Bombay  ;  from  the  Institute. 

Proceedings  of  the  Institution  of  Civil  Engineers  ;  from  the  Institution. 

Journal  of  the  Iron  and  Steel  Institute ;  from  the  Institute. 

Transactions  of  the  Society  of  Engineers;  from  tlie  Society. 

Transactions    of   the    Institution    of    Civil    Engineers  of   Ireland;    from    the 

Institution. 
Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechanical 

Engineers ;  from  the  Institute. 
Proceedings  of  the  South  Wales  Institute  of  Engineers  ;  from  the  Institute. 
Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland  ;  from 

the  Institution. 
Transactions  of  the    Midland    Institute    of   Mining,    Civil,    and    Mechanical 

Engineers ;  from  the  Institute. 
Proceedings  of  the  Cleveland  Institution  of  Engineers ;  from  the  Institution. 
Proceedings  of  the  Chesterfield  and  Derbyshire  Institution  of  Engineers ;  from 

the  Institution. 
Proceedings  of  the  Royal  Society  of  London  ;  from  the  Society. 
Proceedings  of  the  Royal  Society  of  Edinburgh  ;  from  the  Society. 
Proceedings  of  the  Royal  Institution  ;  from  the  Institution. 
Transactions  of  the  Institution  of  Surveyors;  from  the  Institution. 
Proceedings    of  the    Association  of    Municipal    and   Sanitary    Engineers   and 

Surveyors  ;  from  the  Association. 
Journal  of  the  Royal  United  Service  Institution ;  from  the  Institution. 
Papers  of  the  Royal  Engineer  Institute;  from  the  Institute. 
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Locturc  at  llio  Sdiool  of  Military  Engineering,  Cl.atlinni;  from  the  Sclinol. 

Proceedings  of  the  Royal  Artillery  Institution  ;  from  the  Institution. 

Journal  of  tlic  Koyal  Agricultural  Society  of  England  ;  from  the  Society. 

Journal  of  the  Statistical  Society;  from  the  Society. 

lleport  of  the  British  Ashociatioii  for  tlie  Advancement  of  Science ;  from  the 

Association. 
Journal  of  the  Scientific  Association  of  France  ;  from  the  Association. 
Proceedings  of  the  Scientific  and  Mechanical  Society  of  Manchester ;  from  the 

Society. 
Report  of  tlie  Royal  Cornwall  Polytechnic  Society  ;  from  the  Society. 
Report  of  the  Miners'  Association  of  Cornwall  and  Devon ;  from  the  Association. 
Transactions  of  the  Institution  of  Naval  Architects ;  from  the  Institution. 
Transactions  of  the  Royal  Institute  of  British  Architects ;  from  the  Institute. 
Reports  of  the  British  Association  of  Gas  Managers ;  from  the  Association. 
Report  of  the  Manchester  Geological  Society  ;  from  the  Society. 
Journal  of  the  Royal  Scottish  Society  of  Arts  ;  from  the  Society. 
Proceedings  of  the  Philosophical  Society  of  Glasgow ;  from  the  Society. 
Journal  of  the  Liverpool  Polytechnic  Society  ;  from  the  Society. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
Report  of  the  Manchester  Steam  Users'  Association;  from  Mr.  Lavington  E. 

Fletcher. 
Report  of  the  Boiler  Insurance  and  Steam  Power  Company ;  from  the  Company. 
Revue  Gene'rale  des  Chemins  de  Fer ;  from  the  Directors. 

The  Engineer ;  from  the  Editor. 

Engineering ;  from  the  Editor. 

Iron ;  from  the  Editor. 

The  Mining  Journal ;  from  the  Editor. 

The  Railway  Record ;  from  the  Editor. 

The  Colliery  Guardian ;  from  the  Editor. 

The  Iron  and  Coal  Trades  Review ;  from  the  Editor. 

The  Railroad  Gazette ;  from  the  Editor. 

The  Engineering  and  Mining  Journal ;  from  the  Editor. 

The  Inventor's  Record  and  Industrial  Guardian ;  from  the  Editor. 

The  Universal  Engineer  ;  from  the  Editor. 

The  Marine  Engineer ;  from  the  Editor. 

The  Contract  Journal ;  from  the  Editor. 

The  Machinery  Market ;  from  the  Editor. 
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The  PiiEsiDENT  wished  to  call  special  attention  to  the  paragraph 
in  the  Report  referring  to  the  thanks  due  to  the  members  of  the 
Research  Committee,  and  especially  to  the  reporters.  All  who  had 
seen  the  reports  would  well  understand  how  much  labour  had  been 
performed,  and  how  much  care  had  been  bestowed  upon  them  by  the 
committees,  and  especially  by  the  reporters.  He  would  therefore 
ask  the  members  to  express  their  thanks  to  those  gentlemen  by 
acclamation. 

The  vote  of  thanks  was  passed  by  acclamation. 

The  President  said  that  the  next  point  in  the  Report  to  which  he 
wished  to  refer  was  the  increased  number  of  meetings,  and  the  larger 
number  of  papers  read  during  the  year.  This,  joined  with  the  expense 
of  the  Research  Committee,  had  involved  an  increased  expenditure, 
and,  in  consequence,  the  balance  of  receipts  over  expenditure  was 
very  small  for  the  past  year.  It  was  therefore  to  be  hoped  that 
every  member  of  the  Institution  would  do  his  best  to  increase  the 
number  of  members,  so  as  to  afford  the  means  of  pursuing  Research 
(a  very  important  part  of  the  work  of  the  Institution),  and  also  of 
increasing  their  number  of  papers,  without  feeling  that  they  were 
always  on  the  limit  of  their  means  of  expenditure.  He  would  now 
put  the  adoption  of  the  Report  to  the  meeting. 

The  motion  was  carried  unanimously. 

Mr.  Daniel  Adamson  would  like  to  call  to  the  remembrance  of  the 
meeting  the  character  of  the  late  Mr.  William  Howe,  whose  name  had 
been  read  among  the  deceased  members  of  the  Institution.  He  had 
known  Mr.  Howe  personally  when  he  was  a  pattern-maker  on  the 
oldest  railway  in  the  country — the  Stockton  and  Darlington, — and 
before  he  gave  to  the  world  the  reversing  link,  now  almost  the 
universal  mode  of  manipulating  the  locomotive  engine  throughout  the 
civilised  world.  In  him  the  Institution  had  lost  a  most  industrious 
man,  a  very  careful  thinker,  and  a  sound  practical  mechanic.  At 
the  request  of  the  President,  he  would  not  now  attempt  to  describe 
his  career,  but  should  be  pleased  to  contribute  a  short  account  for 
publication  amongst  the  other  memoirs  in  the  Proceedings  of  the 
Institution. 
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Tlio  President  announced  tliat  the  Ballot  Lists  for  tlio  election 
of  Officers  had  been  opened  by  a  committee  of  the  Council,  and  the 
following  members  of  Council  were  found  to  bo  elected  for  the 
present  year : — 


president. 


Edward  A.  Cowper, 


London. 


vice-presidents. 


Jeremiah  Head, 

Percy  G.  B.  Westmacott, 


Middlesbrough. 
Newcastle-on-Tyne. 


MEMBERS    OF    COUNCIL. 


Daniel  Adamson,   . 
Edward  Easton, 
J.  Hawthorn  Kitson, 
William  Menelaus,  . 
Joseph  Tomlinson,  Juk., 
K.  Price  Williams,  . 


.     Manchester. 

London. 
.     Leeds. 

Dowlais. 

London. 

London. 


The    Council    for    the    present    year    would    therefore    be    as 
follows : — 

PRESIDENT. 

Edward  A.  Cowper,         .  .  .     London. 


Sir     William     G. 


past-presidents. 
Armstrong,    C.B. 


D.C.L.,  LL.D.,  F.E.S.,. 
Frederick  J.  Bramwell,  E.E.S., 
Thomas  Hawksley,  F.K.S., 
James  Kennedy, 
John  Kamsbottom, 
John  Eobinson, 

C.  William  Siemens,  D.C.L.,  F.E.S., 
Sir   Joseph  Whitworth,  Bart.,  D.C.L., 


LL.D.,  F.E.S., 


Newcastle-on-Tyne, 

London. 

London. 

Liverpool. 

Alderley  Edge. 

Manchester. 

London. 

3 

Manchester. 
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VICE-PRESIDENTS. 

I.  LowTHiAN  Bell,  M.P.,  F.R.S., 

Charles  Cochrane,     . 

Jeremiah  Head,     .... 

Charles  P.  Stewart, 

Francis  W.  Webb,  .  .  . 

Percy  G.  B.  Westmacott, 


Northallertori. 

Stourbridge. 

Middlesbrough. 

Sunninghill. 

Crewe. 

Ne  wcastl  e-on-Ty  ne. 


council. 


Daniel  Adamson,  . 
William  Anderson,  . 
Henry  Chapman,   . 
Thomas  R.  Cramptox, 
Edward  Easton,    , 
David  Greig,    . 
Thomas  R.  Hetherington, 
J.  Hawthorn  Kitson, 
William  Menelaus, 
Arthur  Paget, 
John  Penn,  . 
George  B.  Eennie,    . 
William  Richardson, 
Joseph  Tomlinson,  Jun., 
R.  Price  Williams, 


Mancbester. 

London. 

London. 

London. 

London. 

Leeds. 

Mancbestcr. 

Leeds. 

Dowlais. 

Lougbborougb 

London. 

London. 

Oldbam. 

London. 

London. 


Tbe  President  said  tbat,  wbetber  be  was  guilty  of  an  irregularity 
or  not  in  doing  wbat  be  now  proposed,  be  could  not  vacate  tbe  cbair, 
and  ask  bis  friend  Mr.  Cowper  to  occupy  it,  witbout  saying  a  few 
words  in  expression  of  gratitude  for  tbe  way  in  wbicb  be  bad  been 
treated  by  tbe  Council,  by  tbe  Members,  and  by  tbe  officers,  during 
bis  two  years  of  office.  Tbey  bad  passed  tbrougb  ratber  turbulent 
times,  not  turbulent  at  all  in  tbe  sense  of  disputes  and  quarrelling, 
but  tbere  bad  been  a  great  many  alterations  in  tbe  regulations  and  in 
tbe  position  of  tbe  Institution  during  bis  presidency;  and  during 
tbat   time  be  bad   not   bad   a   single   difficulty   arising   to   bimself 
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personally,  from  the  action  of  any  member  of  the  Council,  or  of  any 
member  or  any  officer  of  the  Institution.  He  desired  therefore 
heartily  to  express  to  eacli  of  them  his  tlianks  for  the  way  in  which 
he  had  been  treated  during  his  occupation  of  the  cliair.  He  would 
now  ask  Mr.  Cowper,  who  was  better  known  to  many  of  the  members 
of  the  Institution  than  himself,  to  take  the  vacant  chair. 

The  chair  was  then  taken  by  Mr.  E.  A.  Cowper. 

Mr.  A.  Paget  said  that,  at  the  request  of  the  newly-elected  President 
of  the  Institution, — and  he  was  sure  he  might  say  on  behalf  of  every 
one  present  also, — he  begged  to  propose  an  earnest  and  sincere  vote 
of  thanks  to  the  retiring  President,  Mr.  Eobinson.  (Applause.)  It 
was  quite  unnecessary  to  waste  their  time  by  many  words,  for  the 
mere  mention  of  what  he  had  to  propose  had  already  elicited  an 
expression  of  approval  from  all  present,  which  he  knew  would  go 
straight  to  Mr.  Eobinson's  heart.  They  must  all  have  felt,  when 
that  gentleman  was  in  the  chair  at  their  meetings,  what  an  admirable 
President  he  had  made.  When  help  or  support  of  any  kind  had  to  be 
given,  it  had  been  given  with  all  heartiness,  and  as  if  it  came  from  the 
man  himself ;  and  when  he  had  to  call  any  of  them  to  order,  they  had 
all  felt  that  it  was  the  President  doing  it,  and  that  he  was  right  and 
they  were  wrong.  With  regard  to  the  work  of  the  Council,  they  had 
to  make,  in  consequence  of  their  desire  to  consolidate  their  position 
in  London,  a  great  many  changes ;  and  a  great  deal  of  care  had  been 
required  to  work  correctly  under  the  new  system,  as  an  incorporated 
Institution.  He  wished  he  could  convey  to  the  Members  the  strong 
belief  which  he  entertained,  and  which  he  knew  the  whole  Council 
also  entertained,  that  any  success  they  had  had  in  that  direction 
had  been  due,  first  to  Mr.  Robinson's  extensive  experience,  and  next 
to  the  way  in  which  he  had  thrown  himself  heart  and  soul  into  the 
work.  Nothing  had  been  too  great  for  him,  and  nothing  had  been 
too  snjall.  He  therefore  asked  the  members  to  pass  a  hearty  vote  of 
thanks  to  Mr.  Eobinson  for  his  two  years'  labour  ;  and  he  might  add 
a  hope,  that  it  would  be  followed  by  many  years  of  further  labour 
as  Past-President. 
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The  President  said  he  took  it  for  granted  that  the  motion  was 
seconded  by  every  member  present,  and  he  would  at  once  put  it 
to  the  meeting. 

The  motion  was  carried  by  acclamation. 

Mr.  EoBiNSON  said  he  had  scarcely  words  to  say  how  much  he  felt 
the  manner  in  which  Mr.  Paget  had  been  good  enough  to  propose  the 
thanks  of  the  Institution  for  the  services  he  had  been  able  to  render 
during  the  time  of  his  presidency.  He  felt  that  he  had  been  only  the 
executive  instrument  of  the  Council  and  of  the  Members  of  the 
Institution,  in  doing  a  large  amount  of  the  work  which  had  been  done 
during  the  past  two  years ;  and  as  far  as  he  was  personally  concerned, 
he  considered  himself  to  have  been  very  happy  in  occupying  the 
chair  of  the  Institution  when  so  much  had  been  done  which,  as  he 
hoiked,  augured  well  for  its  future  usefulness.  He  had  to  thank 
Mr.  Paget,  the  President,  and  tbe  Members  generally,  for  the  way  in 
which  the  resolution  had  been  proposed  and  accepted.  He  hoped 
they  might  still  live  and  labour  together,  and,  when  better  times 
came  upon  them,  might  see  the  Institution  growing  still  more  rapidly 
than  it  had  grown  in  the  past  two  years. 


The  President  then  delivered  the  following  inaugural  Address : — 
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ADDRESS   OF   THE  PRESIDENT. 
Gentlemen, — 

Having' had  the  honour  thirty-three  years  ago  of  assisting  in 
the  formation  of  the  Institution  of  Mechanical  Engineers,  I  now 
have  the  pleasure  of  thanking  you  very  cordially  for  your  confidence 
in  entrusting  me  with  still  greater  responsibility  in  the  conduct  of 
the  affairs  of  the  Institution.  I  must  tell  you  honestly  that  the 
position  in  which  you  have  so  kindly  placed  me  to-day  is  not  one  that 
I  have  ever  coveted  or  sought  for,  as  I  consider  so  much  responsibility 
attaches  to  it ;  but  if  by  hard  work  and  close  attention  to  the  various 
interests  of  the  Institution  I  am  able  so  to  assist  in  its  conduct  as  to 
give  you  satisfaction,  I  shall  feel  amply  repaid,  and  shall  not  spare 
myself  any  pains  that  may  be  necessary  to  accomplish  the  object. 
But  one  thing  I  must  ask  of  you — and  without  it  I  should  only 
expect  to  fail — and  that  is  your  kind  and  decided  support  of  the 
chair  at  all  our  meetings,  together  with  such  indulgence  to  the 
occupant  for  the  time  being,  as  you  have  always  exercised  to  our  late 
President,  than  whom  we  have  never  had  a  more  genial  and  truly 
admirable  leader  to  conduct  us  forward  in  the  paths  of  science  and 
practice. 

One  matter  I  may  allude  to,  as  sufficient  time  has  now  elapsed  to 
show  the  wisdom  of  the  important  step  that  was  taken  at  the  time. 
I  need  hardly  say  I  refer  to  the  transplanting  of  the  Institution  to 
London.  This  has  proved  a  perfect  success :  because  the  metropolis 
is  now  the  true  centre  of  England,  and  the  headquarters  of  the 
Mechanical  Engineering  of  the  kingdom.  The  number  of  our 
Members  has  greatly  increased,  the  quality  and  interest  of  our  Papers 
has  improved,  and  the  attendances  at  our  Meetings  are  more  numerous. 
I  long  foresaw  that  this  removal  was  only  a  question  of  time,  as  soon 
as  the  present  lines   of  railway   had   express  trains   direct  to    the 
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metropolis,  not  only  without  stopping  at  Birmingham,  but  without 
going  within  fifteen  miles  of  it.  The  Institution  now  so  completely 
stands  at  the  head  of  Mechanical  Engineering  in  this  country,  and  is 
so  fully  admitted  by  all  other  institutions  to  occupy  that  proud 
position,  that  it  is  but  natural  that  it  should  rest  in  the  metropolis, 
as  its  fit  and  proper  home;  and  long  may  it  pursue  its  peaceful 
and  thoroughly  useful  course.  The  Institution,  having  from  the  first 
been  conducted  with  a  due  regard  to  economy,  has  never  been  in 
debt ;  and  the  result  is  that  it  is  now  comfortably  and  conveniently 
settled  in  excellent  offices,  well  suited  for  its  requirements  for  many 
years  to  come :  this  is  the  more  satisfactory,  as  it  is  most  difficult  to 
find  a  good  site  for  such  an  Institution  in  Westminster. 

I  do  not  propose  to-day  to  trouble  you  with  anything  like  a  history 
or  resume  of  Mechanical  Engineering,  as  that  has  been  done  much 
better  than  I  could  hope  to  give  it ;  but,  if  not  trying  your  patience 
too  much,  I  should  wish  to  say  a  few  words,  direct  to  the  point,  with 
regard  to  the  position  of  this  country  among  the  nations,  in  respect  to 
the  advancement  of  manufactures  generally.  Now  it  cannot  be 
doubted  for  a  moment  but  that  the  manufactures  and  commerce  of 
this  country  depend  very  greatly  upon  engineering  skill  and  invention  ; 
and  if  England  is  to  continue  to  be  called  "  the  manufactory  of  the 
world,"  we  must  on  no  account  shut  our  eyes  to  what  is  now  going 
on  around  us  in  many  countries.  I  much  fear  that  some  of  our 
manufacturers  have  so  little  enterprise  about  them  that  they 
consider  they  are  doing  enough  if  they  make  things — perhaps 
chiefly  or  entirely  by  hand — as  their  fathers  did,  in  small  numbers : 
instead  of  attempting  to  manufacture  articles  in  a  better  manner  in 
large  numbers,  by  machinery.  They  seem  to  forget  that  in  past 
times  the  demand  for  their  goods  depended  very  much  upon  the  fact 
that  they  had  no  rivals  or  competitors  for  the  trade :  at  that  time 
foreigners  had  not  devoted  themselves  to  manufactures,  and  indeed 
had  been  much  hindered  from  so  doing  by  the  very  frequent  occurrence 
of  wars  actually  within  their  countries :  whereas  we  have  had  no  wars 
in  this  country  for  two  hundred  years  or  more.  Now  there  is  one 
important  fact,  that  has  perhaps  hardly  been  considered  sufficiently  by 
mechanical  engineers  and  manufacturers  generally,  and  it  is  this  : 
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"when  railways  first  began  to  spread  over  tlie  continent,  engineering 
tools  and  machines  were  just  springing  into  existence  in  England, 
and  partly  for  the  purpose  of  manufacturing  locomotives,  for  which 
there  was  a  large  demand.  Then,  when  foreigners  had  to  repair 
their  engines,  they  bought  engineering  tools  and  machines,  and  were 
able  to  work  them  witliout  any  very  highly  skilled  labour,  such  as  our 
old  millwrights  were  obliged  to  possess  in  our  fathers'  and  grandfathers' 
time :  so  that  in  a  very  short  time,  despite  the  want  of  skilled  labour, 
the  continental  firms  became  not  only  the  manufacturers  of  their 
own  locomotives,  but  of  all  other  kinds  of  machinery.  Hence, 
if  our  commerce  is  to  flourish  and  our  manufacturers  are  to  keep 
to  the  front,  then,  instead  of  trying  to  avoid  adopting  any  new 
improvements,  and  refusing  to  experiment  or  to  incur  any  outlay  for 
the  purpose  of  improving  their^  wares  and  the  means  of  producing 
them,  they  should  work  heartily — and  Mechanical  Engineers  should 
do  so  too — in  adopting  and  improving  machinery  to  produce  in  a 
better  manner,  by  power,  in  quantity,  and  therefore  economically, 
what  had  previously  been  made  in  a  small  way,  expensively,  by  hand. 
Often,  too  often,  a  good  thing  is  allowed  to  lie  dormant  for  years, 
because  each  manufacturer  thinks  he  will  let  some  one  else  in  the 
trade  spend  his  money  to  try  the  proposal;  but  the  energy  shown  in 
the  United  States  (and  on  the  continent  also  very  often),  in  proving 
a  new  thing  as  soon  as  brought  out,  and  adopting  it  if  good,  has  a 
wonderful  effect  in  promoting  progress  and  increasing  the  prosperity 
of  the  country.  Sometimes  it  has  struck  me  that  Mechanical 
Engineers  hardly  seem  to  think  it  their  province  to  strive  to  improve 
manufactures  generally,  and  that  they  confine  their  attention  too 
much  to  tools  and  engines,  more  particularly  for  engineering 
purposes  :  whereas  a  little  more,  or  I  would  say  a  great  deal  more 
co-operation,  between  manufacturers  who  know  what  is  wanted  and 
engineers  who  would  quickly  find  out  how  to  accomplish  it,  would 
be  of  the  greatest  possible  advantage  to  the  commerce  and 
manufactures  of  the  country. 

A  difficulty  well  stated  is  half  overcome  already. 

But  our  manufacturers  and  mechanical  engineers  must  come 
together,  must  interchange  their  ideas,  and  correspond  freely,  if  any 
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great  good  is  to  be  aecomplislied,  in  maintaining  this  country  in  the 
proud  position  of  being  the  manufactory  of  the  world ;  and  as  some 
of  us  gave  an  earnest  helping  hand  to  establish  this  Institution,  so  I 
would  venture  to  ask  all  our  Members  to  join  hands  with  our  friends 
the  manufacturers,  to  make  as  much  use  as  possible  of  the  advantages 
of  this  Institution,  which,  as  stated  in  our  rules,  was  established  "  to 
"  enable  Mechanical  Engineers  to  meet  and  to  correspond,  and  to 
"  facilitate  the  interchange  of  ideas  respecting  improvements  in  the 
"  various  branches  of  mechanical  science,  and  the  publication  and 
"  communication  of  information  on  such  subjects." 


The  President  said  that,  in  accordance  with  notice  given  at  the 
last  meeting,  he  had  to  move  the  adoption  of  the  following  additional 
Bye-Law : — 

A  Graduate  or  Associate  desirous  of  being  transferred  to  the  class  of  Members 
shall  forward  to  the  Secretary  a  recommendation  according  to  Form  E  in  the 
Appendix,  signed  by  not  less  than  five  Members,  which  shall  be  laid  before  the 
next  meeting  of  Council  for  their  approval.  On  their  approval  being  given, 
the  Secretary  shall  notify  the  same  to  the  candidate  according  to  Form  F  if  an 
Associate,  and  according  to  Form  G  if  a  Graduate ;  but  his  name  shall  not  be 
added  to  the  list  of  Members  until  he  shall  have  signed  the  Form  H,  and,  if 
a  Graduate,  shall  have  paid  £1  additional  entrance  fee,  and  £1  additional 
subscription  for  the  current  year. 

FORM  E. 

Mr.  being  of  the  required  age,  and  desii'ous  of  being  transferred 

into  the  class  of  Members  of  the  Institution,  we,  the  undersigned,  from  our  personal 
knowledge,  recommend  him  as  a  proper  person   to  become  a  Member  of  the 
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FORM   F. 

Sir, — I  havo  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  Members  of  the  Institution  of  IMechanical  Engineers. 
In  conformity  with  the  rules,  your  transference  cannot  bo  confirmed  until  the 
enclosed  form  be  returned  to  me  with  your  signature.  If  this  be  not  received 
within  two  months  from  the  present  date,  the  transference  will  become  void. 

I  am,  Sir, 

Your  obedient  Servant, 

Secretary. 
FORM   G. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  Members  of  the  Institution  of  Mechanical  Engineers.  In 
conformity  with  the  rules,  your  transference  cannot  be  confirmed  until  the  enclosed 
form  be  returned  to  me  with  your  signature,  and  until  your  additional  Entrance 
Fee  (£1)  and  additional  Annual  Subscription  (£1)  be  paid  for  the  current  year. 
If  these  be  not  received  within  two  months  from  the  present  date,  the  transference 
will  become  void. 

I  am.  Sir, 

Your  obedient  Servant, 

Secretary. 
FORM  H. 

I,  the  undersigned,  having  been  transfeiTed  to  the  class  of  Members  of  the 
Institution  of  Mechanical  Engineers,  do  hereby  agree,  that  I  will  be  governed 
by  the  regvilations  of  the  said  Institution,  as  they  now  exist,  or  as  they 
may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the  Institution 
as  far  as  shall  be  in  my  power,  and  will  attend  the  meetings  thereof  as  often 
as  I  conveniently  can  :  provided  that,  whenever  I  shall  signify  in  writing  to  the 
Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution,  I  shall 
(after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that  period)  be 
free  from  this  obligation. 

Witness  my  hand,  this  day  of 

The  motion  was  carried  unanimously. 


The  Pkesident  said  that  notice  had  been  given  of  two  motions  by- 
Mr.  E.  J.  C.  Welch,  He  did  not  know  whether  that  gentleman  was 
present,  or  any  one  else  on  his  behalf. 
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Mr.  Jeremiah  Head  gaid,  if  no  one  \vas  present  wLo  liad  been 
especially  entrusted  .by  Mr.  Welch  with  the  moving  of  the  Bye-laws 
of  which  he  had  given  notice,  he  begged  leave  to  do  so ;  not  that  he 
wished  to  commit  himself  to  any  approval  of  them  in  any  form,  but 
simply  in  order  that  they  might  be  fully  discussed  and  disposed 
of.  He  would  therefore  move  them  without  note  or  comment,  as 
follows : — 

(1.)  "  Any  Member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
once  in  each  year  to  the  Secretary ;  and  a  copy  of  all  Papers, 
complete  with  their  diagrams,  shall  then  be  forwarded  to  him  at  least 
fourteen  clear  days  prior  to  the  date  of  the  meeting  at  which  they  are 
intended  to  be  read ;  and  every  Paper  with  regard  to  which  this  has 
not  been  done  shall  not  be  read  at  such  meeting,  if  any  Member  who 
should  have  received  a  copy  of  the  same  objects  thereto." 

(2.)  "At  any  meeting  of  the  Institution  Members  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Paper  which  has  been 
read  or  discussed  at  the  preceding  meeting." 

Mr.  A.  Paget  said,  as  no  one  else  seconded  the  motions,  he  would 
do  so  for  the  sake  of  getting  them  discussed.  He  desired  to  guard 
himself  by  saying  that,  as  the  motions  now  stood,  he  should  be  very 
sorry  to  see  them  adopted ;  but,  with  the  view  of  amendments  being 
proposed,  he  ventured  to  second  them. 

Mr.  EoBiNSON  said  that  on  behalf  of  the  Council  he  had  to  move 
amendments  to  the  motions  proposed  in  Mr.  Welch's  name.  With 
regard  to  the  first,  it  would  be  manifestly  impossible  for  the  Council 
to  supply  every  member  fourteen  days  before  a  meeting  with  copies 
of  the  papers  and  diagrams,  inasmuch  as  it  often  happened  that  the 
paper  itself  was  not  printed  by  that  time,  much  less  were  the  diagrams 
completed  or  engraved.  The  Council  were  disposed  to  think  that  the 
first  of  the  two  motions  should  stand  thus  : — 

"  Any  Member  wishing  to  have  a  copy  of  the  Papers  sent  to  him 
for  consideration  beforehand  can  do  so  by  sending  in  his  name  once 
in  each  year  to  the  Secretary;  and  a  copy  of  all  Papers  shall  then  be 
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forwarded  to  liim  as  early  as  possible  prior  to  the  date  of  the  meeting 
at  which  they  are  intended  to  be  read." 

Mr.  T.  R.  Crampton  seconded  the  amendment. 

Mr.  D.  Adamson  had  great  respect  for  the  judgment  of  Mr.  Welch 
generally,  but  thought  he  had  been  most  unfortunate  in  bringing 
forward  a  proposition  to  alter  rules  that  had  worked  very  well.  If 
Mr.  Welch  and  those  who  thought  with  him  would  get  their  papers 
ready  three  months  or  so  before  they  were  required,  then  those  papers 
could  be  sent  out  to  all  the  members  without  difSculty,  and  without 
the  necessity  of  any  new  rule.  But  the  papers  read  before  the 
Institution  should  be  anxiously  and  carefully  written,  and  sometimes 
they  could  only  be  got  ready  a  short  time  before  they  were  wanted. 
Some  critics  indeed  might  desire  to  have  the  opportunity  of  consulting 
mechanical  dictionaries  and  all  the  old  literature  on  the  subject,  and 
then  to  parade  their  borrowed  light  at  the  meeting  ;  but  that  would 
be  a  very  unfortunate  state  of  things.  The  papers  of  the  Institution 
were  written  to  bring  before  the  members  the  current  out-door  practice, 
and  the  science  of  the  workshop  and  the  laboratory,  and  not  what  had 
been  gathered  out  of  books.  Hence  they  ought  not  to  throw  any  obstacles 
in  the  way  of  those  who  desired  to  give  them  information,  but  should 
let  them  bring  it  forward  as  soon  and  as  heartily  as  they  could ;  and 
for  those  who  were  not  in  a  position  to  discuss  it,  the  wisest  plan 
would  be  to  hold  their  tongues.  He  therefore  invited  the  members 
not  to  pass  either  the  original  motion  or  the  amendment,  which  only 
tinkered  with  bye-laws  or  rules  that  did  not  require  to  be  touched. 

Mr.  Charles  Cochrane  thought  Mr.  Adamson  had  not  looked  at 
the  harmless  character  of  the  amendment,  which  did  but  carry  out 
formally  what  had  been  the  practice  for  some  time  past,  and  authorise 
the  Secretary  to  do  that  which  he  was  in  the  habit  of  doing,  but  which 
was  perhaps  informal  without  such  authority.  By  this  amendment 
any  member,  on  giving  notice,  might  receive  a  copy  of  the  papers  as 
early  as  possible  prior  to  the  meeting.  All  that  Mr.  Adamson  had 
said  was  strictly  applicable  to  the  resolution  originally  proposed  by 
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Mr.  Welch,  and  this  he  fully  endorsed ;  but  in  the  shape  in  which 
the  motion  had  been  amended,  he  thought  it  worth  while  to  consider  it, 
and  to  pass  it. 

Mr.  K.  H.  TwEDDELL  wished  to  support  the  observations  of 
Mr.  Adamson.  If  the  resolutions,  even  as  amended,  were  harmless, 
there  was  no  advantage  in  encumbering  the  bye-laws  with  them. 

Mr.  W.  W.  HuLSE  said  if  the  Council  could  send  to  any  member, 
on  giving  notice  beforehand,  the  printed  matter  to  be  read  at  the 
meetings,  he  did  not  see  why  they  could  not  send  it  to  all  members, 
and  then  no  notice  would  be  required.  He  agreed  with  Mr.  Adamson 
in  thinking  that  the  proposal  was  superfluous,  and  an  unnecessary 
tinkering  with  the  bye-laws. 

The  Peesident  desired  to  offer  a  few  words  of  explanation.  It 
had  been  the  practice  for  a  long  time  past  to  send  copies  of  the  papers 
to  any  gentleman  who  sent  his  name  in  beforehand ;  and  the  proposal 
was  merely  to  render  legal  by  resolution  what  had  been  done  by  the 
Council  for  some  time  already ;  and  to  provide  that,  if  a  member 
asked  for  the  papers  for  the  whole  year,  he  should  receive  them. 

The  amendment  was  then  put  and  carried. 

Mr.  EoBiNSON  proposed  on  behalf  of  the  Council  the  following 
amended  form  of  the  second  resolution  moved  on  behalf  of  Mr. 
Welch  : — "  At  any  meeting  of  the  Institution  any  Member  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Paper  which  has  been  read 
or  discussed  at  the  preceding  meeting,  provided  that  he  signifies 
his  intention  to  the  Secretary  at  least  one  month  previously  to  the 
meeting,  and  that  the  Council  decide  to  include  it  in  the  notice  of 
the  meeting,  as  part  of  the  business  to  be  transacted."  It  was  only 
fair  to  any  gentleman  who  had  read  a  paper  at  a  preceding  meeting, 
that,  if  his  paper  was  to  be  discussed  again,  he  should  have  due  notice 
of  the  fact,  and  the  opportunity  of  producing  diagrams,  tables,  or 
other  illustrative  matter,  in  order  that  he  might  defend  himself 
against  any  attack  that  might  be   made   upon   him.     It   was   also 

H  2 
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imiJortant  tLat  tlie  Council  should  retain  the  power  of  deciding 
whether  such  a  renewal  of  a  discussion  should  take  place  or  not, 
because  the  Council  was  at  considerable  pains  to  get  papers  prepared 
for  certain  meetings,  and  tried  to  accommodate  the  number  of  papers 
to  the  time  given  for  discussion.  If  the  resolution  as  originally 
proposed  were  to  be  carried,  the  conduct  of  the  meeting  would  be  almost 
entirely  taken  out  of  the  hands  of  the  Council,  who  represented  the 
members,  and  were  much  better  able  to  deal  with  those  smaller 
matters  of  detail,  than  the  general  body  of  members  could  be.  He 
was  sure  he  was  asking  what  the  members  of  the  Institution  would 
readily  grant — that  such  an  amount  of  confidence  should  be  placed  in 
the  discretion  of  the  Council  as  the  amendment  expressed. 

Mr.  CocHRAXE  had  much  pleasure  in  seconding  the  amendment. 
It  was  not  always  possible  to  get  the  reader  of  the  paper  present  at  a 
subsequent  meeting ;  and  if  the  original  motion  were  carried,  the 
discussion  might  be  re-opened  in  the  absence  of  the  gentleman  who 
alone  could  reply  upon  it. 

The  amendment  was  then  put  and  carried. 


The  President  announced  that  an  invitation  had  been  received  to 
hold  the  Summer  Meeting  of  the  Institution  at  Barrow-in-Furness. 
The  proprietors  of  the  large  steel  works  there  had  intimated  that  they 
would  be  very  pleased  to  welcome  the  Institution ;  and  they  had  also 
received  a  direct  and  cordial  invitation  from  the  Mayor,  Mr.  Edward 
Wadham.  He  had  himself  seen  Mr.  J.  T.  Smith  of  Barrow,  some 
time  since,  in  reference  to  the  matter,  and  had  ascertained  that  the 
arrangements  could  easily  be  carried  out.  He  hoped  that  there  would 
be  a  large  attendance  at  Barrow,  which  was  an  excellent  place  for  the 
meeting.  The  great  docks  had  lately  been  opened  :  there  were  also 
steel  works,  ship-building  yards,  wire  mills,  and  other  works  to  be 
seen ;  and  he  had  no  doubt  the  members  would  spend  a  few  days  very 
pleasantly  in  the  locality. 


The  following  papers  were  then  read 
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KEPLY  ON   THE  DISCUSSION  UPON  FIEELESS 
LOCOMOTIVES. 


By  M.  LEON  FRANCQ,  of  Paris. 


In  submitting  the  following  remarks  upon  the  interesting 
discussion  which  took  place  at  the  last  meeting  of  the  Institution, 
the,  author  wishes  in  the  first  place  to  thank  the  President  and 
Members  for  the  kind  reception  given  to  his  original  communication. 

He  fully  concurs  in  the  opinion  of  Mr.  Crampton,  that  the 
chief  heads  of  working  cost,  with  tramway  engines,  are  those  for  wages 
and  maintenance.  In  practice  this  has  everywhere  been  proved  to 
be  the  case;  and  the  main  superiority  of  the  Fireless  Locomotive 
lies  in  the  reduction  which  it  effects  as  to  wages,  and  in  its  economy 
as  regards  maintenance  and  repairs. 

He  admits  that  the  working  parts  of  the  Fireless  Engine  are  too 
near  the  ground ;  and  has  prepared  designs  for  raising  them  higher, 
so  as  to  save  them  from  the  effects  of  mud  and  dust.  He  wishes  to 
remark  however  that  the  repairs  required  from  this  cause,  on  the 
fireless  engines  employed  upon  the  Rueil  and  Marly-le-Roi  Tramway, 
have  been  insignificant.  This  arises  chiefly  from  the  complete 
absence  of  ashes,  and  also  from  the  arrangements  made  for  doing 
away  entirely  with  metal  coverings  to  the  mechanism;  these  latter 
being  found,  contrary  to  expectation,  to  retain  the  dust,  which  thence 
blows  about  among  the  parts  of  the  engine ;  and  thus  to  aggravate 
instead  of  diminishing  the  evil.  The  author  would  add  that  he 
cannot  approve  of  the  arrangement  for  raising  the  cylinders  adopted 
by  Mr.  Brown  of  Winterthur.  That  it  is  defective  is  proved  by  the 
excessively  bad  condition  in  which  these  engines  are  now  found  to 
be.  In  the  case  of  the  Fireless  Engine  there  are  various  other 
arrangements,  by  which  it  would  be  practicable  to  raise  from  the 
ground  all  the  delicate  parts  of  the  mechanism. 
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lu  reply  to  Mr.  Tomlinson,  the  author  has  not  the  least 
hositatiou  in  maintaining  that  hot  water  may  be  advantageously  and 
usefully  ai)plied  for  working  the  trains  on  underground  railways, 
where  the  length  of  line  does  not  exceed  12  to  15  miles,  and  where 
the  gradients  aro  similar  to  those  of  the  Metropolitan  Railway.  In 
support  of  that  02)inion  he  would  remark  that  since  2000  litres  of  hot 
water  (440  gallons)  are  found  to  produce  motive  force  sufficient  to 
draw  a  load  of  the  gross  weight  of  36  tons  over  a  line  9  miles  long, 
12,000  litres  (2,640  gallons)  would  certainly  do  six  times  as  much 
work,  or  more  than  sufficient  to  draw  a  train  of  the  Metropolitan 
Eailway,  which  weighs  100  tons.  Therefore  there  are  really  only 
two  points  to  examine,  (1)  the  power  and  rapidity  with  which  the 
engine  can  start,  and  (2)  the  possibility  of  storing  12,000  litres  of 
hot  water  on  the  engine.  Now  power  and  rapidity  of  starting  may 
be  obtained  in  all  cases  with  four  cylinders,  and  perhaps  on  straight 
level  lines  with  two  cylinders  of  large  diameter.  Again  the  author's 
investigations  show  that  it  is  possible  to  provide  not  only  for 
12,000  litres  of  hot  water  on  the  engine,  but  also  for  a  large  quantity 
of  cold  water  for  condensation.  An  engine  on  this  system,  instead 
of  weighing  35  tons  empty,  need  only  weigh  26  tons ;  so  that  in 
working  order  a  Fireless  Engine  for  underground  lines  would  only 
weigh  43  tons.  As  to  the  possibility  of  charging  the  engines  from 
stationary  boilers,  this  would  be  easily  accomplished  by  proportioning 
the  production  of  the  boilers  to  the  demands  of  the  engines 
requiring  to  be  charged  in  a  given  time.  If  in  one  hour,  for 
instance,  it  were  necessary  to  charge  twelve  engines,  each  engine 
ought  to  be  filled  in  five  minutes ;  this  is  merely  a  question  of  the 
section  of  the  steam  feed-pipe,  the  size  of  which  it  would  be  necessary 
to  calculate.  To  charge  twenty  engines  per  hour,  it  would  be 
necessary  to  fit  up  at  the  terminus  a  set  of  stationary  boilers  having 
an  aggregate  heating  surface  of  1800  square  metres  (19,400  sq.  ft.), 
besides  reserve  boilers.  This  cannot  be  considered  as  impracticable  ; 
and  though  it  might  require  some  care  and  forethought  to  establish 
the  system,  great  advantages  would  result  from  the  concentration  of 
the  production  of  steam  at  a  single  point,  from  the  abolition  of 
stokers  on  the  engines,  and  from  the  total  suppression  of  deleterious 
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gases,  wliicli  escape  from  the  ordinary  locomotives  in  the  tunnels,  and 
which  greatly  incommode  the  passengers,  in  spite  of  the  ventilation 
produced  by  the  passage  of  the  trains. 

With  regard  to  the  question  of  condensation,  the  author  considers 
that  to  condense  completely  by  air  requires  much  too  large  a  surface 
for  practical  use ;  and  that  to  condense  completely  by  water  requires  too 
great  a  supply.  Other  known  methods  of  condensation  are  too  costly. 
To  keep  within  the  bounds  of  practical,  utility,  the  author  would 
not  attempt  anything  more  than  the  suppression  of  the  noise  of  the 
escaping  steam,  by  causing  it  to  expand  in  a  large  expansion 
chamber,  and  then  condensing  it  partially,  by  contact  with  tubes 
having  air  circulating  in  them.  He  believes  that,  by  thus  completely 
withdrawing  from  the  escaping  steam  all  the  water  which  it  contains, 
the  result,  on  underground  lines,  would  be  that  the  dry  steam 
would  rise  promptly  to  the  top  of  the  tunnel,  and  would  clear 
away  with  sufficient  rapidity.  Even  admitting  that  a  light  vapour 
would  sometimes  find  its  way  into  the  carriages,  when  the  atmosphere 
was  not  favourable  to  the  ascent  of  the  steam,  this  would  not  produce 
serious  inconvenience ;  for,  while  there  are  many  people  who  avoid 
the  London  underground  railways  on  account  of  the  smoke,  they 
certainly  would  not  make  the  same  objection  to  the  occasional 
presence  of  a  little  pure  steam.  This,  in  the  author's  opinion,  would 
be  proved  by  experience,  and  would  produce  an  important  and  rapid 
rise  in  the  receipts. 

For  street  tramways  the  author  considers  it  possible  to  condense 
the  exhaust  steam  completely ;  but  he  would  ask  whether  its  escape, 
when  unaccomjpanied  with  any  noise,  is  not  rather  an  imaginary  than 
a  real  inconvenience.  The  apparatus  for  complete  condensation 
constitutes  a  source  of  complication,  and  consequently  of  expense, 
which  takes  away  from  tramway  engines  much  of  the  advantages  they 
are  intended  to  realise,  in  simplicity  and  economy  of  working.  He 
would  add,  that  after  five  years'  experience  and  consideration  of  the 
question,  he  is  satisfied  that  animals  are  not  frightened  at  the  sight  of 
steam ;  and  that  in  reality  they  are  more  easily  frightened  by  an 
engine  which  advances  rapidly  without  the  outward  and  visible  signs 
of  movement.     They  are  also  afraid  of  everything  that  produces  a 
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shrill,  siiddon  noise,  as  is  tlio  case  witli  compressed-air  engines,  and 
with  ordinary  locomotives,  which  cannot  dispense  citlier  with  a 
violent  escape  of  steam  to  increase  the  blast  in  the  chimney,  or 
with  safety  valves,  which  are  liable  to  blow  off  at  any  moment. 

The  author  does  not  agree  with  Mr.  Welch  that  the  arrangement 
of  the  admission  valves  in  the  steam  expander  is  likely  to  transform 
the  heat  of  the  steam  into  electricity.  Sir  William  Armstrong  caused 
electricity  to  be  disengaged  in  his  apparatus,  only  by  using  a  very 
high  pressure  of  steam,  by  cooling  that  steam  so  as  to  transform  it 
into  vesicles  of  water  before  its  escape  into  the  atmosphere,  and 
by  exciting  considerable  friction  of  these  vesicles  against  one  another. 
It  is  known  that  the  Armstrong  electrical  machine  did  not  at  all 
produce  the  effect  sought,  as  soon  as  the  steam  ceased  to  circulate 
in  the  cooled  pipes,  and  as  soon  as  the  friction  of  the  vesicles  of 
water  against  one  another  no  longer  continued  to  take  place.  In  the 
Fireless  Locomotive  the  balanced  admission  valves,  from  their  annular 
form  of  outlet,  cause  very  little  friction ;  and  the  steam,  instead  of 
escaping  into  the  cold  atmosphere,  passes  into  a  body  of  vapour  at 
high  temperature  and  under  considerable  pressure,  there  to  be 
superheated;  there  is  therefore  no  formation  of  vesicles  of  water, 
consequently  no  friction  and  no  production  of  electricity.  This  has 
been  shown  also  by  comparative  experiments.  The  expander  is 
nothing  else  really  than  the  slide-valve  recommended  by  Mr.  Welch, 
only  it  acts  automatically,  whilst  an  ordinary  slide-valve  would  not 
so  act.  The  author  therefore  must  continue  to  consider  the  expander 
as  advantageous,  a  fact  of  which  he  has  convinced  himself  by  long 
and  minute  observation. 

On  the  question  of  the  employment  of  steam  at  low  pressure,  the 
author  observes  that  his  opinion  is  not  shared  by  Mr.  Cowper,  nor  by 
several  other  members.  He  believes  however  that  he  is  right  on  this 
important  point,  which  he  is  glad  to  have  submitted  to  the  criticism 
of  the  Members  of  the  Institution.  He  agrees  with  Mr.  Welch's 
statement  that  steam  at  high  pressure  is  more  advantageous,  because 
its  latent  heat  is  lower,  in  projDortion  to  the  total  heat  produced, 
than  the  latent  heat  of  steam  at  low  pressure.  But  in  order  that 
this    advantage   may   really   hold,  it   is    necessary  to   assume  that 
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the  liigli-pressure  steam  has  not  given  out  a  larger  number  of  heat 
units  into  the  atmosphere,  after  doing  its  work,  than  the  low-pressure 
steam.  We  must  therefore  calculate  for  a  locomotive  within  what 
limit  expansion  can  advantageously  be  allowed,  taking  count  also  of 
the  proportion  of  priming  water  carried  over.  The  author  considers 
that  this  limit  is,  on  an  average,  two-thirds  of  the  stroke.  With 
these  data  it  must  then  be  seen  what  is  the  latent  heat  of  the  steam 
when  it  escapes  from  the  cylinder,  as  compared  with  that  of  low- 
pressure  steam ;  the  difference  is  a  loss  of  useful  heat,  given  out  into 
the  air. 

Taking  account  of  these  practical  considerations,  the  author 
has  calculated  that  in  utilising  the  heat  existing  in  steam,  a  locomotive 
engine — not  a  fixed  engine,  for  it  is  necessary  not  to  confound  the 
two — gives  an  efficiency  of  44  per  cent,  only  with  steam  at  15 
atmospheres,  whilst  the  result  is  60  per  cent,  with  steam  at  4 
atmospheres.  This  difference  of  16  per  cent,  is  still  further  increased, 
if  we  compare  the  results  of  an  engine  working  with  high-pressure 
steam  and  delivering  to  the  cylinders  30  per  cent,  of  water  in  the 
vesicular  state,  and  the  undoubtedly  better  results  of  an  engine 
working  with  low-pressure  steam,  and  that  steam  dried  by  the  means 
pointed  out  in  the  paper.  The  difference  of  16  per  cent.,  on  the 
contrary,  would  be  evidently  diminished,  if  the  comparison  were  made 
in  the  case  of  a  stationary  condensing  engine  of  high  expansion ; 
but  that  which  can  be  done  by  means  of  expansion  in  stationary 
engines  cannot  be  done  in  ordinary  locomotives,  where  the  amount 
of  priming  water,  the  inconveniences  of  lead  on  the  exhaust  side, 
and  the  need  of  a  strong  current  of  steam  in  the  chimney,  are 
causes  which  necessitate  a  limitation  of  the  expansion,  and  an 
increased  loss  of  heat  in  the  exhaust  steam.  Taking  these  things  into 
account,  the  author  was  led  to  prepare  a  Table,  on  which  the  statements 
made  at  the  end  of  his  paper  are  based.  He  is  thus  of  opinion 
that  Mr.  Cowper  is  in  error  in  saying  that  steam  generated  at  15 
atmospheres  cannot  be  used  at  4  atmospheres  without  great  loss. 
Compare  the  case  of  the  Fireless  Locomotive  with  that  of  two  vessels 
A  and  B,  in  communication  with  each  other,  of  which  A  is  filled  with 
a  supply  of  steam  at  15  atmospheres,  or  at  a  temperature  of  199° 
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ContigraJo  (390"  Fabr.).  If  A  is  now  put  abruptly  into 
communicatiou  witb  B,  tbo  pressure  will  equalise  itself  in  tbe 
two  vessels.  If  we  suppose  besides  tliat  tbe  ratio  between  tbe 
two  vessels  is  sucb  tbat  tbe  common  pressure  in  tbe  two  is 
4  atmospberes  (temperature  144"  C,  or  291°  Fabr.),  tbe  amount 
of  internal  beat  in  tbe  steam  will  not  bave  cbangcd,  and  no  work 
will  bave  been  done.  In  tbe  autbor's  system  tbe  communication 
is  not  made  abruptly,  but  gradually,  till  equilibrium  is  establisbed ; 
tbe  result  bowever  is  tbe  same.  Now  according  to  tbe  data  in 
Zcuner's  work  on  Heat,  tbe  internal  beat  of  steam,  saturated  and 
dry,  at  15  atmospberes  or  199°  C, — in  otber  words,  tbe  beat  of  tbe 
steam  in  tbe  first  vessel  A,— is  given  by  673-34  +(0-2342  x  199°) 
=  619-94  calories  per  kilogram.  Tbe  same  steam,  saturated  and 
dry,  at  4  atmospberes,  occuj^ying  tbe  content  of  tbe  two  vessels  A 
and  B,  will  possess  an  internal  beat  of  573-34  -f-  (0-2342  x  144°) 
=  607-06  calories  per  kilogram.  Tbe  difference  between  tbese 
quantities  is  12-88  calories  per  kilogram :  tbe  steam  at  4  atmospberes 
is  tberefore  superbeated  by  tbis  amount,  and  tbis  superbeating  bas 
tbe  effect  of  vaporising  tbe  minute  drops  of  water  brougbt  over  in 
tbe  vesicular  state.* 

Tbis  would  not  be  tbe  case  on  tbe  contrary  if  tbe  steam  expanded 
directly  into  tbe  cylinders :  tbe  expansion  would  tben  produce 
condensation,  and  tbe  effect  of  tbe  superbeated  steam  in  vaporising 
tbe  water  would  not  take  place. 

Tbe  autbor  acknowledges  tbat  tbe  question  wbicb  be  bas 
submitted  is  a  difficult  one ;  but  tbe  statements  advanced  by  bim, 
wbicb  were  so  mucb  questioned,  will  sbortly  be  verified  by  careful 

*  Professor  Clausius  has  pointed  out  to  the  author  that  there  will  always  be  a 
theoretical  loss  in  expanding  by  an  expansion  chamber,  because  steam,  after 
expanding  to  a  lower  pressure,  cannot  by  means  of  that  lower  pressure  be 
compressed  again  up  to  its  original  higher  pressure.  The  process  is  therefore  a 
non-reversible  one,  and  by  a  well-known  principle  of  Thermo-dynamics  a  non- 
reversible process  cannot  be  the  most  efficient.  The  author  considers  that  the 
loss  due  to  this  cause,  as  also  to  ,the  friction  of  the  steam  in  expanding,  will  be 
found  to  be  insignificant :  but  it  may  of  course  dispose  of  part  or  all  of  the  12  •  88 
calories  mentioned  in  the  text. 
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experiments.  These  he  j^roposes  to  make  with  a  locomotive  of 
one  of  the  large  railway  companies,  on  which  he  will  fix  an 
apparatus  that  will  give  a  sufficient  draught  for  the  fire,  without 
requiring  any  great  pressure  in  the  exhaust  steam. 

As  a  practical  reply  however  to  the  questions  and  criticisms  which 
have  been  addressed  to  him,  the  author  may  state  that  he  has  run  a 
fireless  engine  on  the  Kueil  and  Marly  Tramway,  with  the  same  charge 
of  steam  as  usual,  sometimes  simply  suppressing  the  expander,  and 
sometimes  admitting  steam  by  the  regulator  and  then  expanding  it 
by  the  link  motion  according  to  the  pressure  required ;  and  that  he 
has  never  found  a  greater  consumption  of  steam  with  the  expander  than 
without.  He  has  observed  that  the  superheated  steam  gives  at  its 
entrance  to  the  cylinders  a  mechanical  equivalent  higher  than 
ordinary;  that  the  packings  of  the  regulator  and  the  pistons  last 
longer  than  with  the  direct  introduction  of  the  steam;  that  the 
leakages  of  steam  are  less  numerous ;  and  that  the  steam  exhausted  at 
atmospheric  pressure  not  only  utilises  its  heat  better,  but  also  makes 
no  noise,  and  is  much  more  readily  condensed. 
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ON  BKOWN'S  TRAMWAY  LOCOMOTIVE. 


By  Mr.  B.  C.  Browne,  of  Newcastle-on-Tyne. 


The  conditions  that  are  required  to  be  fulfilled  in  a  Tramway 
Locomotive  over  and  above  those  of  an  ordinary  locomotive  are 
tolerably  well  recognised,  and  may  be  enumerated  as  follows : — 

(a)  There  must  be  no  visible  smoke  or  steam,  no  visible  fire, 
no  noise  of  either  blast  or  machinery,  and  no  visible  working  parts. 
The  object  of  all  these  restrictions  is  to  avoid  frightening  horses 
or  annoying  the  public. 

(6)  The  engine  must  work  both  ways,  the  driver  being  always  in 
a  commanding  position ;  it  must  be  able  to  exert  great  power  for 
starting  and  stopping  on  steep  inclines,  and  must  both  start  and  stop 
very  easily ;  it  must  run  round  sharp  curves,  and  adapt  itself  to  any 
inequalities  in  the  road  ;  its  working  parts  must  be  readily  accessible 
and  easily  repaired;  its  firing  and  feeding  must  need  no  attention 
while  it  is  running  ;  lastly,  it  must  be  worked  of  course  by  one  man. 
These  are  matters  of  practice  and  economy. 

(c)  The  Board  of  Trade  requires  beyond  these  a  speed  indicator 
always  visible  to  the  driver,  a  governor,  and  a  bell  or  whistle  for 
signalling. 

The  writer,  having  carefully  considered  these  conditions,  came  to 
the  conclusion  that  among  existing  engines  they  were  best  and  most 
economically  met  by  the  engine  of  Mr.  Charles  Brown  of  Winterthur, 
mention  of  which  has  already  been  made  in  M.  Mallet's  paper  read 
before  the  Institution  in  Paris,  in  June  1878.  This  engine  has  worked 
regularly  in  Geneva  since  the  summer  of  1877  ;  in  Milan  since  the 
beginning  of  1878  ;  in  Hamburg  and  Strasburg  since  the  summer  of 
1878  ;  in  Paris  since  the  autumn  of  1878 ;  in  Rome  and  Tivoli  since 
June  1879  ;  in  Ribeauville  since  August  1879  ;  in  Florence  and  Cuneo 
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Dronero  since  November  1879.  In  addition  to  the  above  places  where 
the  engines  are  in  regular  work,  they  have  been,  or  are,  running 
on  probation  at  Lisbon,  Oporto,  Turin,  Brussels,  Berlin,  Cologne, 
Madrid,  Milan,  Monza,  Villa  Eegoa,  and  Villa  Keale  (Portugal).  In 
most  of  the  above  places  the  consequence  of  these  experiments  has 
been  that  the  question  of  steam  traction  versus  animal  traction  has 
been  decided  in  favour  of  the  former;  but  the  carrying  of  this 
decision  into  execution  has  been  frequently  impeded  by  the 
conditions  imposed  by  the  local  authorities,  or  by  financial 
difficulties. 

I.  Description  of  the  Engine  (Plates  1,  2,  and  3). — The  leading 
principle  of  this  engine  is  that  of  working  with  very  high  pressure 
(220  lbs.  per  sq.  in.).  The  boiler  (Figs.  2  and  3)  consists  of  a  vertical 
cylinder  A,  containing  the  fire-box  in  its  lower  part.  To  this  is  riveted, 
opposite  the  fire-door,  a  horizontal  barrel  B  with  tubes,  like  that  of  an 
ordinary  locomotive ;  this  barrel  is  entirely  below  the  water-level. 
The  whole  is  made  of  steel,  carefully  selected  and  tested.  The 
grate  C  is  steeply  inclined  downwards  from  the  fire-door,  so  as  to 
increase  its  area  and  efficiency ;  and  there  is  a  drop-bar  D  at  the 
bottom  for  letting  down  the  fire.  The  ash-pan  is  provided  with  an 
ordinary  door  for  regulating  the  draught.  Owing  to  the  height  of 
the  outer  fire-box,  there  is  a  very  great  range  of  water-level  (about 
20  inches).  Hence  the  driver  need  never  attend  to  his  fire  or  feed 
his  boiler  during  the  longest  run  usual  on  tramways. 

The  cylinders  E  are  horizontal  and  above  the  foot-plate,  the  steam 
chest  being  below  the  cylinders,  by  which  arrangement  they  are 
always  kept  clear  of  water.  There  is  a  great  range  of  expansion. 
With  valve-gear  of  the  proportions  indicated  in  Figs.  4  and  5, 
the  distribution  of  steam  is  as  shown  in  the  Table  annexed,  the 
distances  being  expressed  in  percentage  of  the  stroke  of  piston.  The 
lead  is  constant  at  ^  in. 
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Admission. 

before  end  of  stroke. 

Compression. 

^'ore. 
Ter  cent. 

Back. 
Per  cent. 

Fore. 
Per  cf-nt. 

Back. 
Per  cent. 

Fore. 
I'cr  cent. 

Back. 
Pe)  cent. 

Forwards 

7G 
67 
49 
26 

80 
67 
47 
24 

7 
10 
16 

27 

4 

7 
14 
26^ 

6 
]0 
20 
34^ 

9 
14 
21 
34 

Stop 

7 

7i 

44 

421 

53 

53 

Backwards    . 

21 
47 
66 

78 

22 
50 
70 
80 

29 

16 

9 

5 

27 
14 

8h 

5 

35 
19 
12 

7 

36 
22 
13 

7 

In  the  engine  shown  the  cylinders  are  5|-  in.  diameter  and  11 J  in. 
stroke.  Each  piston-rod  works  a  rocking  beam  F,  Fig.  1,  which,  by 
means  of  a  connecting-rod  G  at  the  other  end,  transmits  the  movement 
to  the  driving  wheels,  and  thence  by  ordinary  coupling-rods  to  the 
leading  wheels.  All  the  pin-ends,  lubricating  holes  &c.,  are  carefully 
covered  to  keep  out  the  dust.  The  valve-gear  (described  more  fully 
below)  is  of  a  very  simple  description,  entirely  avoiding  eccentrics, 
links,  or  other  sliding  motions,  so  objectionable  on  account  of  dust, 
mud  &c.  The  rocking  beams  on  each  side,  and  the  other  working 
parts,  balance  each  other  without  the  need  of  balance-weights  on  the 
wheels.  The  motion  of  the  engine  is  thus  made  very  smooth,  and 
free  from  oscillation  or  "galloping" — a  very  essential  point  with 
a  short  wheel-base. 

The  whole  of  the  working  parts,  as  well  as  the  boiler,  are  so 
arranged  as  to  be  readily  accessible  for  both  cleaning  and  repairs. 
Everything  is  made  as  light  and  strong  as  possible,  and  both  steel 
and  phosphor-bronze  are  largely  used.  The  position  of  the  cylinders 
is  very  convenient,  and  very  well  sheltered  from  dust  and  dirt. 
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The  hind  axles  support  the  weight  of  the  engine  by  springs  in 
the  ordinary  way ;  but  the  front  axle  has  two  sets  of  volute  springs  II, 
Figs.  2  and  3,  placed  together  in  the  centre,  so  that  the  engine  is 
practically  supported  on  three  points.  On  these  springs  the  front 
axle  has  free  play ;  and  as  side-play  is  also  given  to  the  axle-boxes, 
which  are  united  by  a  frame,  the  engine  runs  very  smoothly,  while 
the  four  wheels  all  take  a  bearing  on  the  roughest  roads.  The  wheels 
are  from  24  in.  up  to  28  in.  diameter,  according  to  the  character 
of  the  line. 

The  water-tanks  are  placed  between  the  frames.  There  is  one  I, 
Fig.  2,  for  the  feed-water,  which  holds  about  110  gallons ;  and  a  small 
one  J  for  the  condensed  steam,  holding  about  30  gallons.  The  mode  of 
disposing  of  the  exhaust  steam  is  as  follows.  The  cylinders  are  fixed 
on  the  two  ends  of  a  cast-iron  box  K,  which  forms  a  support  for  the 
bottom  of  the  smoke-box ;  into  this  the  steam  is  exhausted,  and  in 
many  cases  is  passed  from  thence  direct  into  the  chimney,  into  which 
it  flows  in  an  almost  continuous  noiseless  stream.  The  chimney  is 
very  large,  and  has  interior  smaller  chimneys  of  gradually  increasing 
diameter.  But  if  a  condenser  is  required,  which  probably  will 
almost  always  be  the  case  in  towns,  the  steam  ascends  to  a  layer 
of  copper  pipes  L,  which  are  arranged  over  the  roof  and  kept  cool 
by  the  air  passing  between  them.  The  condensed  steam  flows  down 
to  the  small  tank  J,  which  can  be  emptied  at  any  convenient  place  at 
the  end  of  the  run  or  elsewhere.  It  is  not  allowed  to  mix  with 
the  feed-water,  on  account  of  the  dirt  and  oil  that  would  then  get 
into  and  injure  the  boiler. 

In  Paris  these  engines  have  no  condenser,  and  in  Germany  they 
sometimes  have  and  sometimes  have  not;  but  in  England  the 
condenser  will  probably  be  always  an  absolute  necessity. 

The  brakes  are  worked  by  hand,  and  are  very  strong ;  but  in 
future  all  engines  will  be  fitted  with  steam  brakes.  There  is  a  pump 
and  an  injector  for  feeding,  and  the  ordinary  arrangement  of  sand- 
boxes. All  the  handles  are  arranged  in  duplicate,  so  that  the 
engine  can  be  worked  equally  well  from  either  end.  The  driver 
always  stands  full  in  front.  The  engine  is  handled  easily  by  one 
man,  wherever    the    local   authorities   allow   it ;   and   practice    has 
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proved  that  ouc  man  is  sufficient.  The  couplings  are  central, 
and  arranged  to  2)usb  and  i)ull.  When  the  engine  runs  against  the 
car,  the  couplings  come  togetlier,  the  driver  drops  in  the  coujiling- 
pin  from  where  he  stands,  and  the  connection  is  made.  The  fuel  is 
coke.     The  weight  of  the  engine  loaded  is  about  6  j  tons. 

II.  Descrijjtion  of  the  Valve-Gear. — The  valve-gear,  as  already 
mentioned,  is  very  simple,  and  contains  no  parts  liable  to  suffer  from 
dust,  mud  &c.  The  distribution  of  steam  is  very  correct  both  in 
fore  and  back  gears,  much  better  in  fact  than  can  be  obtained  by  the 
common  link  motion,  as  a  very  slight  inspection  of  the  foregoing 
Table  will  show.  Figs.  4  and  5,  Plate  3,  are  diagrams  of  the 
valve-gear  &c.,  which  will  serve  to  make  the  mode  of  action 
intelligible  :  Fig.  4,  mid  gear ;  Fig.  5,  full  lines,  fore  gear  full ; 
dotted  lines,  back  gear  full.  It  will  be  seen  to  have  some  similarity 
with  Hackworth's  or  with  Waelschaert's,  but  to  differ  from  these  in 
being  worked  off  a  pin  situated  at  some  point  on  the  connecting- 
rod,  and  in  requiring  neither  eccentrics  nor  cranks;  further  the 
new  gear  is  furnished  with  several  combinations  which  render  it 
easy  to  eliminate  any  errors  caused  by  the  curved  paths  of  the 
various  parts  composing  the  mechanism ;  indeed,  by  very  carefully 
choosing  the  proportions,  the  distribution  may  be  made  nearly 
mathematically  correct  for  each  notch  of  the  sector,  as  well  in 
backward  as  in  forward  gear.  The  gear,  as  shown  in  the  diagrams, 
is  adapted  to  an  engine  fitted  with  a  working  beam ;  the  motion 
is  taken  entirely  from  one  point  A  in  the  connecting-rod,  situated 
at  about  one-third  of  the  length  from  the  crank-pin  end.  The  path 
described  by  this  point  is  an  ellipse  with  a  curved  major  axis,  the 
curvature  being  produced  by  the  small  end  of  the  connecting-rod 
being  constrained  to  move  in  the  arc  of  a  circle  by  the  working 
beam ;  this  curved  ellipse  serves  to  neutralise  the  error  which  would 
otherwise  be  present,  arising  from  the  curve  described  by  the  end 
of  the  pendulum  lever  B.  The  upper  end  C  of  this  lever  B  is 
articulated  to  a  system  of  radius  rods  D  and  E,  forming  a  sort 
of  parallel  motion ;  E  turning  on  a  pivot  at  F,  and  D  sliding  in 
and  out  of  an  oscillating  socket  at  G.     Both  E  and  D  are  attached 


Jan.  1880.  BROWN's    TRAMWAY   LOCOMOTIVE.  49 

to  the  double-armed  lever,  or  reversing  shaft,  H :  this  lever  turns 
about  the  fixed  point  J,  and  can  be  set  at  any  angle  between 
full  gear  fore  and  full  gear  back.  Fig.  5.  The  mechanism  is 
connected  to  the  slide-valve  by  the  connecting-rod  L  from  the 
point  K,  situated  on  the  pendulum  lever  B  at  about  one-eighth  of 
its  length  from  the  upper  end.  The  motion  of  D  and  E  causes  the 
ellipses  described  by  the  point  K  to  have  a  curved  major  axis,  and 
thus  eliminates  the  error  which  would  be  caused  by  the  angular 
motion  of  the  rod  L. 

It  will  be  seen  in  Fig.  4  that  in  mid  gear  the  major  axis  of 
the  ellipse  described  by  the  point  K  is  nearly  vertical,  as  shown  to 
a  larger  scale  at  P  ;  and  that  the  motion  imparted  to  the  valve  when 
the  gear  is  in  mid  position  scarcely  exceeds  the  sum  of  the  lap  and 
lead  at  both  ends,  which  is  the  amount  of  the  space  between  the  two 
dotted  lines  MM  and  NN.  This  amount  of  motion  is  consequently 
not  sufficient  to  admit  so  much  steam  as  that  the  engine  will  move. 

Fig.  5  shows,  in  full  lines,  the  reversing  lever  in  full  forward 
gear;  the  elliptical  path  of  the  point  K,  as  shown  enlarged  at  K, 
is  now  seen  to  be  inclined,  and  to  extend  much  beyond  the  limits  of 
its  horizontal  travel  in  mid  gear.  Fig.  4.  The  areas  of  the  parts 
of  the  ellipse  R  beyond  the  dotted  lines  MM  and  NN  represent  the 
amount  and  duration  of  the  openings  for  entrance  of  steam,  in  this  case 
amounting  to  about  76  to  80  per  cent,  of  the  stroke.  By  placing  the 
reversing  shaft  in  any  position  intermediate  between  full  gear  and  mid 
gear,  any  desired  amount  of  expansion  may  be  obtained. 

Fig.  5  shows  also,  in  dotted  lines,  the  position  of  the  mechanism  in 
full  back  gear  ;  the  operation  of  the  gear  in  this  position  is  the  same 
as  described  for  fore  gear,  only  reversed. 

The  lead  is  constant  for  all  positions  of  the  reversing  lever. 
For  it  will  be  seen  on  trial  that  the  points  C  and  J  always  coincide 
when  the  engine  is  on  the  dead  points,  in  whatever  position  the 
reversing  lever  may  be.  A  further  advantage  of  this  gear  is  that 
it  is  not  much  affected  by  the  vertical  play  of  the  axles. 

III.  Dimensions  and  particulars. — The  engine  shown  in  the 
drawings  is  of  the  Type  No.  II.,  which  is  considered  to  be  a  useful 
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It  is  the  size  most  in  use,  and  will  haul  with  ease 
15  tons  up  a  gradient  of  3  per  cent.,  or  1  in  33.  No  doubt  in  time 
many  modifications  will  have  to  be  made,  to  suit  the  varying 
requirements  of  diftcrent  towns  and  districts. 

The  principal  dimensions  and  particulars  of  the  three  types  of 
engines  at  present  made  are  given  in  the  following  Table  : — 


Particulars  of  Engine. 

Type 
No.  I. 

Type 
No.  il. 

Type 
No.  III. 

11,600  1b. 

12,300  lb. 

108  gals. 

180  lb. 

4  ft.  10  in. 

24  to  28  in. 

4f  in. 

llf  in. 

81  sq.  ft. 

220  lb. 

lift. 

6  ft.  4  in. 

12  ft. 
1700  lb. 
1450  lb. 

"Weight  in  working  order  without  ec 
Weight  in  working  order  with  cond 

Water  in  Tank         

Weight  of  Fuel          

Wheel  base 

Diameter  of  wheels 

Diameter  of  cyhuder 

Stroke             

Heating  surface         

Maximum  pressme 

Extreme  length         

„       breadth      

„       height        

Tractive  force  with  24  in.  wheels    . 
»      28  in.        „        . 

)n  denser 
enser  ... 

17,000  1b. 
18,300  1b. 
160  gals. 

270  lb. 

5  ft. 

24  to  28  in. 

6f.  in. 

llf  in. 
130  sq.  ft. 

220  lb. 
12  ft.  3  in. 
6  ft.  6  in. 

12  ft. 
3000  lb. 
2570  lb. 

14,5001b. 

15,500  1b. 

110  gals. 

224  lb. 

5  ft. 

24  to  28  in. 

5iin. 

11|  in. 

102  sq.  ft. 

220  lb. 

12  ft. 

6  ft.  4  in. 

12  ft. 
2300  lb. 
1970  lb. 

IV.  Worlcing  Cost. — As  regards  cost  of  working  there  is  not 
yet  any  actual  experience  in  England.  In  Strasburg,  where  each 
engine  draws  at  different  times  two,  three,  and  frequently  four  cars, 
it  is  considered  that,  since  a  sufficient  number  of  horses  would  have 
to  be  kept  to  work  the  maximum  traffic,  the  comparison  between  the 
cost  of  engine-power  and  of  horse-power  is  very  greatly  in  favour  of 
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the  former  ;  and  that,  even  where  a  fixed  and  regular  traffic  exists,  the 
cost  of  engine-power  is  much  less  than  that  of  horses. 

It  will  require  the  experience  of  many  years  to  arrive  at  anything 
like  exact  figures  as  to  working  cost.  During  a  great  part  of  the 
time  for  which  these  engines  have  been  running  they  have  been  only 
feeling  the  way.  The  advantage  of  mechanical  traction  varies 
greatly  with  the  nature  of  the  traffic.  "When  this  is  subject  to  great 
fluctuations,  as  in  the  case  of  Strasburg  just  mentioned,  mechanical 
traction  is  enormously  cheaper  than  animal  traction ;  but  on  lines 
where  the  traffic  is  less  fluctuating,  and  the  service  can  be  carried 
on  by  one-horse  cars  in  rapid  succession,  the  advantage  of  mechanical 
traction  in  the  shape  of  a  locomotive  is  less  apparent.  In  such  cases 
the  combined  car  and  engine  would  probably  be  more  advantageous. 
On  the  other  hand  in  cases  of  heavy  gradients  the  advantage  of 
mechanical  traction  is  very  great,  as  long  heavy  gradients  are  very 
ruinous  to  horses. 

In  Strasburg  the  Company  has  twelve  engines  of  No.  II.  type. 
During  the  week  six  to  eight  engines  are  at  work ;  but  on  Sundays 
often  the  whole  twelve  are  running,  as  the  traffic  on  the  week-days 
does  not  average  more  than  40  per  cent,  of  the  Sunday  traffic. 
The  consumption  of  fuel  and  oil  per  engine,  as  well  as  the  distance 
run,  during  four  months  in  1878,  is  shown  in  the  annexed  Table 
taken  from  the  books  of  the  Company  : — 


1878. 

Fuel,  including 
getting  up  steam. 

Lubricating 
material. 

Distance 

run 

per  day 

and 

per  engine. 

Number 

of 
passengers 
per  engine. 

Coke 
per  hour. 

Coal 
per  day. 

Oil 
per  day. 

Tallow 
per  day. 

August        

September 

October       

November 

Mean 

Lbs. 
20-00 

23-00 

25-25 

30-50 

Lbs. 
16-00 

67-20 

70-25 

83-00 

Lbs. 
2-80 

2-25 

2-96 

3-30 

Lbs. 
0-00 

1-06 

1-13 

0-81 

Miles. 
51-00 

49-20 

48-50 

44-80 

771 

080 
G04 
560 

24-68 

59-11 

2-82 

0-75 

48-37 

654 

I  2 
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The  cost  of  working  per  tlay  and  per  engine  is  as  under,  according 
to  the  books  of  the  Strasburg  Company  : — 

Marks  or  Shillings, 
llcdemption  and  Interest  .  .  .  .  .4*80 

Eepairs  and  Cleaning  .  .         .         .  .  3  "81 

Coke  and  Coal 5-00 

Oil,  Tallow,  and  Tacking 1-50 

"Wages  of  Driver     .         .         .         .         .         .         .     4  •  80 


Total     .         19-91 
This  is  equivalent  to  about  £1  for  50  miles,  or  about  5d.  per  mile. 

The  arrangements  at  Strasburg  for  repairing  and  for  conducting 
tlie  traffic  are  very  complete  and  under  good  control.  The  engines 
are  regularly  washed  out  at  short  intervals,  and  the  smallest  defects 
are  made  good  immediately.  The  want  of  the  above  arrangements, 
together  with  a  bad  line,  has  been  the  cause  of  the  abandonment 
of  more  than  one  attempt  at  introducing  steam  traction. 

It  is  necessary  to  have  from  one-fourth  to  one-third  more 
engines  than  are  daily  at  work,  so  that  repairs,  washing  out, 
cleaning  &c.,  may  be  done  thoroughly,  and  also  as  a  reserve  for 
contingencies;  and  on  this  assumption,  the  cost  of  working  six 
engines  daily  with  two  in  reserve  would  be  as  under,  taking  the 
Strasburg  prices  as  correct : — 

Eedemption  and  Interest  on  8 
Eight  Drivers, 

Eepairs,  Cleaning,  &c.,  for  8 
Coke  and  Coal,  „     6 

Oil  and  Tallow,  „     6 

140-28 
Hence  the  daily  cost  for  six  engines  in  service  and  two  in  reserve  is 


Marks  or  ShiUings 

engines,  at  4*80 

38-40 

„   4-80 

38-40 

engines,   „   3-81 

30-48 

„   5-00 

30-00 

„        „    1-50 

9-00 

24*38  shillings  per  engine  working,  or  say  Qd.  per  mile. 


146-28 
6     ^ 

In  case  of  the  reserve  engines  being  occasionally  in  service,  the 
daily  cost  per  engine  would  be  somewhat  less. 

The  above  refers  to  Strasburg,  where  the  number  of  miles  run  is 
small.     We  will  now  take  another  case,  that  of  the  Hamburg  and 
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Wandsbeck  Tramway,  where  the  service  is  more  severe,  the  line  in 
bad  order,  and  the  means  of  repairing  very  scanty  ;  here  each  engine 
has  to  run  81  miles  per  day  with  2  cars,  or  has  10  double  trips  per 
day.  The  consumption  is  670  lb.  of  gas-coke  per  day,  costing  Gs. 
The  daily  outlay  is  as  under  : — 


Marks  or  Shillings. 
.     5-35 
4-50 


Eedemption  and  Interest    .... 

Repairs  and  Cleaning    .... 

Driver      .         .         .         .         .         .         .         .         .4-50 

2-00 

6-00 

1-70 


Boy  to  help  . 

Fuel 

Oil  and  Tallow 


Total,  without  reserve  engines  .  .  .    24  •  05 

For  the  reserve  engines  must  be  added  one-third  of  the 


first  four  items,  or 


5-45 


29-50 


Total  Daily  Outlay,  including  reserve  engines 
This  is  equivalent  to  4z^d.  per  mile  only. 

We  may  compare  the  above  with  the  cost  of  working  the  line 
with  animal  traction,  which  for  1877,  according  to  the  report  of 
the  Company,  was  as  under : — 

Stable  staff 

Stable  working  expenses,  cleaning,  &c. 

Oats 

Maize         ..... 

Hay 

Sundry  forage     .... 

Straw      ...... 

Sawdust     ..... 

Shoeing  ...... 

Harness      ..... 

Depreciation  of  horiscs 

„  stable  inventory    . 

Interest  on  the  value  of  horses,  5  per  cent. 


on  244900 


Marks  or  Shillings. 
58585-25 

7911-35 
77205-87 
96063-39 
54629-86 
29066-95 
21264-41 
12269-00 
24477-15 

4892-30 
37624-73 

3478-24 
12245-00 


Gross  total  without  drivers 
Deduct  the  value  of  the  manure 

Net  total  without  drivers  . 


439713-50 
10583-76 

429129-74 


For  the  year  1877  the  total  number  of  double  trips  made  amounted 
to  118,911 ;  so  that  we  have  : — 
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I^Iarks  or  Shillings. 
Cost  per  (loul)lo  trip  without  driver     ....     3 'GOG 
Add  cost  of  driver  per  double  trip  ....         0"375 

Total  per  double  trip 4-070 

Hence  10  double  trips  (following  tlic  mode  of  calculating  for 
steam  traction)  would  cost  per  day  with  animal  traction  40*70 
shillings,  or  38  per  cent,  more  than  the  cost  with  steam  (29- 50s.). 
There  is  the  further  advantage  with  steam  traction  of  being  able  to 
haul  more  than  one  car  at  a  time,  which  is  not  taken  into  consideration 
in  the  above  calculations.  To  make  the  difference  clear,  the  greatest 
number  of  persons  carried  at  one  time  with  horse  traction  would  not 
exceed  50  to  60,  whilst  with  steam  traction  100  to  120  persons  in  two 
cars  is  not  at  all  an  uncommon  number.  In  Strasburg  200  to  250 
passengers  have  often  been  carried  in  one  train  of  four  cars.  Taking 
into  consideration  the  ease  with  which  two  double-storied  cars,  fully 
loaded,  can  be  hauled  by  engine  power,  even  on  steep  inclines,  the 
economical  advantage  of  mechanical  traction  is  very  apparent.    Thus  : 

Marks  or  Shillings. 
2  Cars  with  animal  traction  cost  per  day  40  •  70  x  2  =       81  •  40 
2  Cars  with  engine  traction  cost  per  day  .         .        29  •  50 


Difference  in  favour  of  engine  per  day  .         .     51-90 

In  the  above  sum  the  outlay  for  conductors,  car  capital,  and  repairs 
of  cars  &c.,  is  not  included,  being  the  same  in  both  cases. 

According    to    later   data   obtained   at   Strasburg   for   a  period 
extending  over  a  year's  working,  the  result  is  as  under : — • 

Kepairs*  per  day  and  per  engine,  4-60  marks  or  shillings. 
Average  work  per  engine  per  month,  1800  kilos  or  1100  miles. 
Average  number  of  days'  service  per  month,  19  to  20. 
Average  consumption  of  coke,  1  •  60  kg.  per  kilo,  or  5  -  68  lb.  per  mile. 
Lowest  consumption  of  coke,  1  -  35  kg.  per  kilo,  or  4  •  79  lb.  per  mile. 
Lubricating  material  per  day  and  per  engine,  2*24  lb. 
Load  hauled,  from  7|  to  16  tons  over  giadients  up  to  1  in  30. 
Average  speed,  12  kilos  (or  7  J  miles)  per  hour  including  stoppages. 

*  These  include  renewal  of  a  number  of  tyres,  some  new  springs,  and  some 
small  alterations,  especially  in  the  construction  of  the  connecting  and  coupling 
rod  ends.  These  items,  which  wiU  not  recur,  make  the  cost  of  repairs  higher 
than  in  the  first  calculations. 
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In  Hamburg  the  average  load  hauled  is  15  tons  over  very- 
undulating  ground  with  few  level  stretches,  and  with  gradients 
varying  from  1  in  100  to  1  in  33.  In  Brussels,  Turin,  Florence,  and 
Madrid,  engines  of  No.  II.  size  work  inclines  up  to  1  in  15  ;  and  in 
Geneva  a  No.  I.  engine  works  regularly  on  a  long  gradient  of  1  in  18, 
on  which  the  rolling  resistance  is  so  great,  in  consequence  of  the 
sharp  curves  and  the  excessively  dirty  state  of  the  rails,  that  it  is 
often  necessary  to  use  steam  even  when  descending.  The  load 
hauled  is  about  7  tons. 

The  number  of  engines  actually  built  and  at  work  up  to  the  end 
of  1879  was  65,  and  about  20  more  were  then  in  course  of  construction. 
The  oldest  engine  has  been  running  at  Geneva  for  about  2J  years. 
The  average  running  consumption  of  coke  with  these  engines, 
exclusive  of  getting  up  steam,  is  on  level  roads  1  kg.  per  kilometre, 
or  3-6  lb.  per  mile,  with  an  average  load  of  10  tons,  and  a  speed  of 
12  kilometres,  or  7 J  miles,  per  hour,  including  stoppages. 

V.  Comparison  with  oilier  systems. — The  established  types  of 
tramway  engines  natui'ally  divide  themselves  into  three  classes : 
(1)  The  independent  locomotive  class  ;  (2)  The  fireless  locomotive, 
using  steam ;  (3)  The  compressed-air  engine.  There  are  also  gas 
engines  &c.,  but  none  of  these  are  before  the  public.  The  two  last 
classes  have  in  common  the  fact  that  they  require  to  work  from  a 
fixed  base  or  station ;  and  the  whole  history  of  the  railway  system  goes 
to  show  that  in  the  long  run,  wherever  they  compete  on  equal  terms, 
the  self-contained  locomotive  is  more  economical  and  more  efficient 
than  any  arrangement  which  involves  stationary  plant.  As  regards  the 
fireless  locomotive,  many  of  the  advantages  claimed  for  it  are  also 
possessed  by  the  Brown  locomotive,  since  this  also  carries  steam  at  a 
high  pressure,  and  only  needs  attention  to  fire  and  water  at  long 
intervals.  No  doubt  in  places  such  as  docks  and  warehouses,  where 
iire  is  absolutely  forbidden,  the  fireless  locomotive  would  be 
valuable;  and,  to  carry  out  the  same  principle,  among  bales  of 
cotton,  in  grain  warehouses,  or  other  places  where  steam  or  damp 
of  any  kind  is  objectionable,  compressed  air  will  be  the  obvious 
motive  power.  Compressed  air  will  also  probably  be  the  motive 
power  underground. 
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As  regards  the  advantages  of  a  combined  car  and  engine,  wLen  all 
is  considered,  the  single  real  advantage  in  favour  of  the  combination 
seems  to  be  that  of  additional  adhesion ;  and  this  is  only  obtained 
either  by  coupling  many  wheels  together,  which  is  inconvenient  in 
tramway  work,  or  by  putting  more  weight  on  each  wheel,  which  is 
looked  on  with  ill  favour  by  the  owners  of  tramways,  whose  roads 
are  generally  unfit  for  any  additional  load.  Still  there  are  cases 
where  this  construction  seems  advisable ;  or  rather  perhaps  the 
adoption  of  some  of  the  arrangements  by  which  the  weight  of  one 
end  of  the  car  is  borne  by  the  engine.  Mr.  Charles  Brown  has 
built  cars  on  this  principle,  where  the  car  is  carried  by  the  engine  at 
one  end  and  by  a  bogey  at  the  other.  There  are  several  admitted 
drawbacks  to  a  combined  car  and  engine,  e.g.^  that  any  repairs  to  the 
engine  lay  the  car  also  off  work,  that  the  car  has  to  go  into  the 
workshops  where  it  is  liable  to  get  dirty,  that  different  descriptions 
of  cars  cannot  be  used  for  different  occasions  without  great  extra 
outlay  in  plant,  that  each  engine  can  take  only  one  car,  and  that  the 
combined  engine  and  car  is  very  troublesome  and  heavy  if  it  gets 
off  the  line.     Nor  is  there  any  obvious  saving  in  first  cost. 

Lastly,  we  have  to  consider  simple  tramway  locomotives.  Both 
theory  and  practice  show  that  in  many  points  we  must  not  be  too 
closely  confined  by  the  recognised  traditions  of  locomotive  work. 
Possibly  even  in  ordinary  tank  locomotives,  for  slow  speeds  and  bad 
ronds,  there  is  too  much  resemblance  in  detail  to  the  strong  and 
comparatively  rigid  main-line  engine,  designed  for  good  roads  and 
high  speeds.  A  light  tramway  engine  cannot  afford  to  depart  from 
the  most  favourable  conditions  for  traction  and  self-preservation ; 
thus  in  the  Brown  engine  the  arrangements  of  the  springs  and  axle- 
boxes  are  designed  with  the  view  of  keeping  the  four  wheels 
constantly  on  the  road,  and  of  making  the  engine  run  smoothly. 
Similarly  the  other  parts,  as  described  above,  are  all  considered  with 
a  view  to  the  special  requirements  of  the  work  to  be  done.  In  fact 
daily  experience  seems  to  suggest,  not  that  tramway  engines  will 
return  to  the  type  of  the  common  locomotive,  but  rather  that  in  many 
cases  several  of  the  special  features  of  the  Brown  tramway  engine 
may  not  impossibly  be  adoi^ted  with  advantage  in  some  of  the  classes 
of  engines  designed  for  railway  work. 
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Discussion. 

Mr.  B.  C.  Browne  wislied  to  observe  that  the  statement  on  p.  47 
of  the   paper — "  In   future   all   engines   will   be   fitted   with  steam 
brakes  " — applied  only  to  those  made  for  English  use,  the  Board  of 
Trade  having  expressed  a  strong  opinion  in  favour  of  steam  brakes. 
For  that  reason,  and  perhaps  for  that  reason  only,  it  was  desired  to 
use  them.     With  regard  to  some  of  the  Tables  printed  in  the  paper, 
he  had  been  asked  why  they  were  not  always  put  in  tbe  form  in 
which  it  was  easiest  to  compare  them  with  each  other.     The  reason 
was  that  they  were  all  taken  as  exactly  as  possible  from  books  or 
reports  of  various  tramway  companies.     Of  course,  in  running  these 
engines  in  England,  he  had  had  to  make  some  small  additions,  simply 
to  meet  the  Board  of  Trade  requirements ;  e.g.,  to  put  on  a  speed 
indicator  and  a  governor,  and  also  to  close  in  the  sides.     He  had 
preferred  however  to  submit  the  engine  to  the  Institution  simply  as 
Mr.  Brown   himself  had   made   it,  without  putting  in  those  small 
matters  which  he  had  added,  but  which  might  be  taken  away  at  any 
me   and   had   no   special   interest  in  them.      He   would  add  that 
if  any  gentleman  wished  to  see  the  engine  at  work,  he  could  do  so, 
since  by  the  kindness  of  Mr.  Webb  it  would  be  exhibited  on  the 
following  morning  at  11  o'clock  near  the  Willesden  station. 

Mr.  Henry  Hughes  said  he  had  been  running  an  engine  in  the 
public  streets  twelve  months  before  the  Brown  engine  was  brought 
out ;  and  he  could  not  adopt  the  author's  conclusion,  that  Mr.  Brown's 
engine  was  the  best  that  had  been  brought  out  for  tramway  purposes. 
In  many  respects  he  considered  it  to  be  the  worst.  For  instance,  he 
considered  it  a  mistake  to  work  in  the  public  streets  with  220  lbs.  of 
steam.  It  was  well  known  that  with  very  high  pressures  it  was  very 
difficult  work  to  run  along*  the  public  streets.  The  jar  of  running 
over  stones  injured  the  pipes,  and  there  was  great  difficulty  in  keeping 
the  pipes  and  joints  sound.     Any  gentleman  who  had  had  experience 
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iu  the  bursting  of  tubes  would  know  that  it  was  a  very  awkward 
thing  for  the  driver  and  imssengers  if  a  tube  should  burst  under  220 
lbs.  pressure.  Again,  he  considered  the  fire-box  was  not  well 
designed  to  stand  so  great  a  pressure,  and  especially  that  the  bend 
just  under  the  tube-plate,  at  the  junction  between  the  vertical  and 
horizontal  parts,  was  a  very  weak  point  in  the  construction.  He  also 
thought  that  more  stays  ought  to  be  put  in  above  the  fire-box ;  but 
perhaps  that  was  only  an  omission  in  the  drawing.  That  was,  he 
believed,  a  design  of  boiler  very  commonly  used,  and  very  convenient, 
for  portable  steam  engines  ;  and  a  very  good  one  for  giving  a  great 
range  of  water-level  above  the  fire-box.  He  did  not  think  it  was 
economical  (although  the  amount  of  fuel  consumed  was  said  in  the 
paper  to  be  very  small),  because  of  the  shortness  of  the  tubes.  He 
supposed  that  the  tubes  were  made  short  and  the  pressure  high  in 
order  to  produce  a  great  heat  in  the  chimney,  and  thus  to  superheat 
the  exhaust  steam,  so  that  it  might  not  be  seen  in  the  streets.  But  an 
ordinary  locomotive  boiler  could  be  made  to  do  exactly  the  same  by 
simply  lengthening  the  barrel  and  putting  a  large  dome  in  the  middle ; 
and  he  believed  it  would  then  be  a  better  boiler  and  more  useful  for 
tramway  work. 

The  position  of  the  cylinders  he  did  not  consider  an  improvement. 
He  did  not  think  it  very  important  to  keep  the  cylinders  so  much  out 
of  dust  and  dirt :  he  believed  that  the  blame  had  often  been  thrown 
on  dust  and  dirt,  when  it  ought  to  have  been  attributed  to  bad 
workmanship  in  the  engines.  An  express  locomotive  was  often 
covered  with  sand  in  its  journey,  by  passing  at  high  speed  through  an 
atmosphere  containing  a  great  quantity  of  sand ;  and  yet  very  little 
damage  was  done  to  it. 

Some  merit  had  been  claimed  because  the  axle-boxes  were  made 
to  move  laterally  within  the  horn  blocks.  It  was  no  doubt  necessary 
for  tramway  work  to  give  the  axle-boxes  some  lateral  movement ; 
but  he  thought  that  could  be  done  without  any  complication  of 
machinery,  or  anything  peculiar  in  the  springs.  He  understood  that 
the  springs  used  were  spiral  springs,  which  he  thought  were  the 
worst  sort  that  could  be  used  upon  tramways,  because  the  section  was 
so  small,  only  J  in.  or  f  in.  diameter. 
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Mr.  B.  C.  Browne  said  that  there  were  spiral  springs  on  the 
front  axle,  but  ordinary  leaf  springs  on  the  hind  axle. 

Mr.  Hughes  believed  that  Mr.  Brown  used  to  have  them  all 
spiral,  but  he  supposed  he  had  found  out  the  difficulty  just  alluded 
to.  Spiral  springs  would  not  do  for  tramway  work.  The  ordinary 
leaf  spring  had  a  very  great  section,  and  offered  great  resistance, 
whereas  spiral  springs  broke  through  rapidly ;  and  if  one  went,  the 
rest  would  very  soon  follow. 

There  was  a  great  objection  also  to  the  form  of  condenser  shown. 
There  were  evidently  two  opposing  tendencies  at  work,  one  to  make 
the  steam  in  the  chimney  as  hot  as  possible,  so  as  to  become  invisible, 
and  the  other  to  take  the  steam  into  a  condenser,  in  order  to 
condense  it.  The  tubes,  as  shown,  were  not  at  all  sufficient  for 
condensing  the  steam  that  would  be  used ;  he  did  not  believe  that  a 
twentieth  part  of  it  would  be  so  condensed.  The  weight  of  brass 
which  was  carried  in  those  tubes  would  be  far  better  carried  as  cold 
water,  in  that  it  would  condense  much  more  steam.  He  had 
himself  tried  all  sorts  of  condensers,  and  had  calculated  the  time 
which  tubes  tock  to  condense,  and  the  amount  of  water  required  to 
condense  steam  from  certain  classes  of  engines.  He  had  tried 
mixing  the  air  directly  with  the  steam,  but  by  that  means  he  only 
produced  a  cold  London  fog.  He  had  come  at  last  to  the  conclusion 
that  there  was  no  better  way  of  getting  rid  of  steam  in  a  tramway 
engine,  than  by  sending  it  into  a  closed  cold-water  tank  and  confining 
it  there.  If  there  was  any  exit  into  the  air,  the  steam  would  be  sure 
to  show.  It  might  be  possible  for  a  certain  distance  on  a  level  to 
condense  the  steam  in  the  tubes  shown  ;  but  when  going  up  a  gradient 
of  1  in  20,  perhaps  ten  times  the  previous  amount  of  steam  would 
be  required,  and  then  the  engine  would  puff  out  steam  enough  to  fill 
the  street,  which  in  a  place  like  Glasgow  or  London  would  certainly 
not  be  allowed. 

Another  small  point  was  that,  for  the  sake  of  the  drivers,  the 
engine  should  always  be  cased  in  at  the  ends,  as  well  as  at  the 
sides,  which  was  not  done  with  the  engine  described. 
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The  statomcnts  in  tlio  pajicr  concerning  fuel  certainly  required 
further  explanation.  In  the  Table  in  p.  51  the  coke  W9,s  taken  per 
hour  and  the  coal  per  day ;  tlie  engine  miles  were  also  given  per  day, 
but  the  number  of  liours  in  the  day  was  not  stated,  and  therefore  it 
could  not  be  seen  what  was  the  real  amount  of  fuel  consumed. 
Further  on  at  p.  55  the  consumption  of  coke  was  stated  to  be  3  *  6  lbs. 
per  mile.  Was  it  possible  to  run  for  ten  minutes  over  a  mile  of 
tramway,  where  the  resistances  were  more  than  double  what  they 
were  on  a  railway,  using  only  3^  lbs.  of  coke  ? 

The  paper  stated  that  in  this  country  no  experience  had  been 
obtained  of  the  cost  of  working ;  but  his  firm  had  kept  accurate 
accounts  for  three  years  on  the  Vale  of  Clyde  Tramway,  which  they 
were  working  in  Glasgow ;  and  from  the  experience  there  acquired 
it  might  be  taken  for  granted  that  on  an  average  the  cost  would  be 
five  pence  per  mile. 

Turning  now  to  the  difficulties  that  had  to  be  overcome  in  working 
tramways  by  steam,  he  would  first  mention  the  bad  state  of  the 
tramways  which  had  been  laid  in  early  times.  To  work  an  engine 
successfully  on  a  bad  tramway  was  hopeless.  Next,  the  points  and 
crossings  should  be  particularly  attended  to,  and  kept  in  first-class 
order;  because  the  wheels  were  apt  to  drop  into  the  opening  of 
the  crossings,  and  so  make  the  engine  take  both  roads.  Impediments 
caused  by  stones,  bits  of  wood  &c.,  that  got  on  the  line  had  also  to 
be  contended  with  :  such  things  produced  a  very  great  jar  on  the 
engine,  and  he  thought  some  simple  means  might  be  adopted  to  throw 
them  out  of  the  way.  The  chief  point  however  was  to  have  good 
drivers  and  good  management.  If  engines  were  built  strongly,  and 
good  managers  and  drivers  were  employed,  success  would  be  secured. 
From  the  experience  he  had  had  he  was  perfectly  certain  that  in  a 
few  years  steam  would  be  universally  used ;  but  that  could  only  be 
attained  by  having  the  proper  men. 

Another  point  which  he  thought  very  essential  in  tramway  engines 
was  the  size  of  the  wheels.  In  the  drawings  it  would  be  noticed 
how  very  small  the  wheels  were  in  proportion  to  the  size  of  the 
engine.  But  a  small  wheel  was  required,  only  when  a  large  excess 
of  power  was  needed  occasionally  for  the  purpose  of  going  up 
hill  easily:  in  the  present  case  there  was  plenty  of  space  to  put 
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large  wheels  and  large  cylinders,  and  by  doing  so  a  very  great 
reduction  in  the  piston  speed  would  be  obtained.  The  last  fifteen 
engines  that  he  had  himself  designed,  were  running  at  half  the  speed 
of  the  previous  ones.  The  power  might  be  increased  at  any  time  by 
reducing  the  size  of  the  wheels,  but  the  ordinary  traffic  could  be 
worked  even  with  a  4-foot  wheel,  without  any  inconvenience  to  the 
engines,  and  with  a  very  greatly  reduced  amount  of  wear  and  tear : 
and  wear  and  tear  after  all  was  the  great  element  of  cost  in  a  tramway 
engine.  There  should  also  be  very  few  parts  in  such  an  engine. 
In  the  engine  before  them  the  rocking  beam  was  an  addition  that 
might  be  dispensed  with.  He  had  himself  seen,  on  this  engine  in 
Paris,  f  in.  of  play  between  the  end  of  the  lower  connecting  rod  and 
the  pin  of  the  rocking  beam ;  and  he  was  then  informed  by  the 
government  inspector  that  the  engine  worked  very  well,  but  that  he 
was  going  to  couple  the  cylinder  direct  on  to  the  crank-pin,  and  then 
it  would  be  a  very  good  engine  indeed. 

He  should  like  to  add  a  few  remarks  upon  a  very  extraordinary 
accident  that  had  occurred  to  his  own  engines.  Twelve  of  those 
engines  were  taken  to  Paris,  and  in  about  a  fortnight  eleven  of 
them  were  Tiors  de  comhat.  Previously  to  this  one  of  the  same 
engines  had  been  worked  constantly  for  a  month,  and  had 
worked  remarkably  well.  The  water  then  used  was  that  from  the 
Seine  at  the  Bastille ;  the  cylinders  were  oiled  with  suet,  and  the 
engine  was  worked  by  the  company's  own  men.  It  worked  so 
satisfactorily  during  the  month,  that  twelve  engines  were  ordered. 
Some  of  these  were  run  by  his  own  drivers,  and  some  by  French 
drivers,  and  the  water  was  taken  from  the  Seine  and  the  Marne.  Not 
one  of  those  engines  would  stand  five  days.  He  was  assured  that 
no  oil  had  been  used  for  the  cylinders  from  the  first ;  and  certainly 
nothing  but  suet  had  been  used  on  the  experimental  engine,  which 
yet  was  one  of  those  that  gave  way.  In  some  cases  the  tubes 
completely  broke  ojff,  and  the  whole  contents  of  the  boiler  came  out 
in  the  street.  In  some  the  tube-plate  would  bulge  in,  in  the  centre 
below  the  tubes,  and  in  some  the  fire-box  itself  was  bent.  The 
failure  was  not  gradual,  but  instantaneous.  The  engine  would  be 
going  one  way  perfectly  sound,  and  would  come  back  almost  directly 
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all  wrong ;  and  would  then  go  back  again  quite  right.  He  called 
in  the  assistance  of  M.  Trcsca,  who  said  that  the  cause  was  undue 
expansion  of  the  tubes  and  fire-box ;  that  the  boiler  was  made  too 
stili'  in  the  outside  shell,  and  that  the  expansion  of  the  tubes  and 
the  fire-box  prevented  the  tubes  from  having  their  proper  hold 
on  the  tube-plate  ;  therefore  the  tube-plate,  from  the  pressure  of 
the  steam  within,  pressed  outwards  and  bulged  out  below  the  tubes, 
causing  them  to  bend  and  break  ojQf.  M.  Banderali  of  the  Northern 
Eailway  was  also  kind  enough  to  take  great  interest  in  the  matter, 
sending  his  men  to  repair  the  engine  at  cost  price ;  and  he  could 
not  believe  in  its  being  anything  but  that  the  workmanship  of  the 
boiler  was  not  good.  Of  course  he  himself  knew  that  it  could  not 
be  bad  workmanship,  because  he  had  had  boilers  which  had  worked 
three  years  without  the  slightest  leakage.  Most  of  the  French 
boiler-makers  refused  to  believe  that,  and  wished  to  put  in  new 
fire-boxes ;  but  he  knew  that  those  fire-boxes  had  stood  the 
pressure  of  17  atmospheres  under  the  Government  insj)ection  at 
Paris.  However  M.  Banderali  repaired  the  engine  perfectly  ;  but 
although  the  work  was  done  by  excellent  men,  some  of  whom  had 
been  engaged  in  similar  work  for  the  last  fifteen  years,  it  did  not 
last  three  hours.  It  was  again  repaired,  and  it  again  gave  way.  At 
last  he  was  obliged  to  come  to  the  conclusion  that  oil  had  been 
put  into  the  boilers.  For  the  axles,  an  oil  containing  animal  fat 
had  been  found  to  answer  remarkably  well,  because  it  had  great 
consistency  and  did  not  run  through  the  bearings  readily.  Outside 
the  suet  cups  was  inscribed  "  suet "  in  English,  in  order  to  prevent 
any  of  this  oil  being  put  into  the  cylinders ;  but  probably  the  French 
drivers  had  mistaken  the  meaning  of  this;  at  all  events  they  had 
taken  care  to  pour  plenty  of  oil  into  the  boiler  through  the  suet 
cups,  and  no  doubt  that  formed  a  calcareous  soap,  and  caused  all  the 
mischief.  When  the  tubes  were  taken  out  however  the  calcareous 
matter  was  perfectly  dry,  and  could  not  be  seen  to  contain  any  fat  at 
all ;  but  when  it  was  put  into  a  crucible  and  burned,  the  fat  could  be 
smelt.  The  boilers  had  since  been  washed  out  with  muriatic  acid ; 
and  a  separate  tank  had  been  put  on  for  the  condensing  water,  as 
Mr.  Brown  had  done.  The  boilers  were  now  fed  with  pure  water, 
and  he  believed  that  they  would  have  no  more  difficulty  in  the  matter. 
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Mr.  r.  C.  WiNBY  said  that  tramways  had  generally  been  made 
too  light  to  carry  locomotives.  Some  time  ago  he  had  observed  the 
tramway  engines  running  in  Paris,  and  noticed  that  the  road  was 
knocking  the  engines  to  pieces,  and  the  engines  were  knocking  the 
road  to  pieces;  but  there  was  now  no  difficulty  in  laying  down  a 
line,  with  an  improved  section  of  rail,  that  would  carry  the  heaviest 
locomotives.  The  features  that  had  to  be  looked  to  in  designing  a 
tramway  locomotive  were — to  bring  the  weight  well  upon  four 
wheels,  with  not  more  than  5  ft.  wheel  base,  which  was  the  utmost 
limit  that  would  pass  round  curves  of  35  ft.  radius ;  to  condense 
the  steam ;  to  make  as  little  noise  as  possible ;  and  to  keep  the 
machinery  well  above  the  ground.  It  occurred  to  him  that  in 
Brown's  locomotive  a  better  arrangement  might  have  been  an 
intermediate  crank-shaft  close  to  the  fire-box,  acting  by  a  connecting 
rod  on  the  leading  wheel.  With  regard  to  the  valve  arrangement,  he 
saw  no  advantage  over  the  ordinary  valve -gear ;  for  the  number  of 
joints  and  levers  used  would,  in  wearing,  produce  collectively  a 
very  considerable  play  in  the  connection  between  the  pistons  and 
the  valves.  It  had  occurred  to  him  also  that  a  good  condensing 
arrangement  might  be  made  by  using  a  water  tank  having  a  number 
of  tubes  passing  through  it,  like  an  ordinary  surface  condenser,  and 
by  forcing  a  quantity  of  air  through  those  tubes,  to  absorb  the 
heat.  On  a  line  he  had  recently  constructed,  which  ran  J  mile 
up  an  average  gradient  of  1  in  20,  and  then  2^  miles  down  hill, 
some  mode  of  storing  up  power  was  much  wanted,  so  that  what  was 
gained  in  the  descent  might  be  utilised  in  the  ascent,  when  returning. 

Mr.  W.  ScHONHEYDER  had  observed  from  the  drawings  that  in 
communicating  the  motion  from  the  cylinder  to  the  rocking  beam  F 
(Fig.  1)  a  dog-link  was  used.  He  thought  that  was  very  objectionable, 
because  it  was  impossible  to  get  sufficient  wearing  surface  for  the  block 
in  the  link.  He  did  not  know  what  the  size  of  the  block  was  in  that 
case,  but  with  5J-inch  cylinders,  giving  a  piston  surface  of  about  24 
sq.  ins.,  and  with  220  lbs.  pressure  per  sq.  in.,  there  would  be  a 
total  pressure  of  about  5300  lbs.  on  the  piston.  Probably  the  block 
would  only  have  about  10  sq.  in.  of  surface ;  so  that  there  would  be 


C4  brown's   tramway   locomotive.  Jan.  1880. 

over  500  lbs.  per  sq.  in.  upon  it.  No  surface  of  that  description 
would  stand  such  a  pressure.  The  same  action  went  on  tliero  as  in 
the  guide  bars  for  cross-heads,  where  it  was  known  that  tlic  pressure 
should  not  be  much  higher  than  40  lbs.  per  sq.  in. ;  so  that  a  block 
of  that  description  must  necessarily  wear  very  fast ;  and  from  the 
remarks  of  Mr.  Hughes  it  appeared  that  these  blocks  had  actually 
worn  very  badly  in  Paris.  In  Figs.  4  and  5,  Plate  3,  he  saw  that  a 
better  construction  had  been  substituted. 

Another  point  to  which  he  would  refer  was  the  boiler.  If  a 
boiler  of  that  construction  was  to  stand  220  lbs.  per  sq.  in.,  it  must 
be  constructed  of  enormously  strong  plates,  because  the  angle 
connecting  the  horizontal  with  the  upright  part  formed  a  very  weak 
point.  It  was  the  old  story  over  again  of  the  dome  placed  upon  a 
Cornish  boiler,  and  the  whole  of  the  metal  cut  away  to  make  room  for 
it.  How  such  a  boiler  could  stand  220  lbs.,  without  very  strong 
stays  or  some  enormous  thickness  of  plates,  he  could  not  understand. 

Mr.  W.  Ltster  Holt  observed  that  on  page  51  a  statement  was 
given  of  the  consumption  of  coke  and  coal  for  four  months  at 
Strasburg ;  and  it  was  very  remarkable  that  in  each  successive  month 
the  consumption  of  both  coke  and  coal  increased,  while  the  mileage 
of  the  engines  and  the  number  of  passengers  decreased.  That,  as  it 
seemed  to  him,  could  only  be  accounted  for  in  two  ways.  Either  the 
engines  rapidly  deteriorated,  or  else  there  was  something  radically 
wrong  in  the  distribution  of  the  steam.  Perhaps  the  wear  and  tear 
was  greater  than  it  would  be  with  ordinary  eccentrics  and  link 
motion.  Then  he  noticed  that  on  page  52  the  cost  per  mile  was 
given  as  5d.  He  could  only  say  that  the  tramway  companies  in 
Paris  would  be  only  too  glad  to  let  the  whole  of  their  tramways  at 
7cL  per  mile,  to  be  worked  by  any  contractor  who  would  supply  the 
engines. 

With  these  engines  the  same  difficulty  occurred  as  with  all  other 
tramway  engines,  namely,  the  enormous  expense  of  repairs.  He 
included  in  this  the  redemption  and  interest,  which,  as  he  understood 
it,  would  mean  renewals.  According  to  the  paper  the  repairs  and 
renewals  would  cost  over  2d.  per  mile  out  of  6d.,  or  over  40  per  cent. 
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He  noticed  also  that  on  the  Hamburg  and  Wandsbeck  tramway, 
where  the  service  was  more  severe,  and  the  engine  ran  81  miles  per 
day,  the  consumption  averaged  670  lbs.  of  gas  coke  per  day,  or 
considerably  over  8  lbs.  per  mile.  His  experience  in  Paris  was 
that  this  was  about  the  average  consumption  there.  Therefore  there 
was  nothing  economical  in  the  engine  which  they  were  considering. 
He  could  not  see  how  that  consumption,  in  actual  work,  of  very 
nearly  8^  lbs.  per  mile  could  be  reconciled  with  the  statement  on 
page  55,  that  the  average  running  consumption  of  coke  with  these 
engines  was  only  3  •  6  lbs.  per  mile.  If  such  a  result  could  be 
arrived  at,  he  need  hardly  say  that  steam  would  very  soon  replace 
horses,  as  no  doubt  it  would  eventually. 

It  was  observed  on  page  44,  regarding  the  qualifications  of  a 
tramway  engine,  "  Lastly,  it  must  be  worked  of  course  by  one 
man."  His  own  experience  in  Paris  had  been  that  it  would  be 
absolutely  dangerous  to  work  with  one  man  in  crowded  thoroughfares. 
A  tramway  driver,  the  moment  he  had  started  his  engine,  could  not 
pay  any  attention  to  the  engine  itself;  he  had  to  look  to  the  street 
crossings,  and  matters  of  that  kind :  and  he  questioned  whether  even 
on  a  railway,  where  the  driver  had  less  to  do,  any  locomotive 
superintendent  would  advocate  running  an  engine  with  one  man. 
In  running  one  way,  with  Brown's  engine,  the  man  was  at  the  smoke- 
box  end,  and  consequently  he  was  right  away  from  his  fire  door. 
That  would  not  so  much  matter  when  the  engines  were  new;  but 
after  running  a  certain  time  locomotives  were  apt  to  leak,  and  tubes 
to  burst,  and  the  man  would  not  be  near  to  plug  them  up.  It  was 
well  known  too  that  tramway  locomotives  had  a  disagreeable  habit 
of  priming ;  but  the  driver,  being  sheltered  by  the  cover,  did  not 
feel  the  effects  of  that  priming,  and  often  knew  nothing  about  it. 
His  belief  was  that  half  the  accidents  which  had  occurred  to  tramway 
locomotives  through  shortness  of  water,  had  been  caused  by  the 
simple  fact  that  the  driver  thought  he  had  got  a  boilerful  of  water, 
when  it  had  primed  away.  He  did  not  take  the  trouble  to  look  at 
his  gauge  glass  :  in  fact  he  had  not  time  to  do  so,  having  to  look  out 
to  prevent  accidents  ;  and  so  he  was  suddenly  astonished  by  the  safety 
plug  burning  out.     He   was  speaking  of  things  that  had  happened 
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pcrliaps  onco  a  wvck.  In  liis  oi>iuioii  tlierefore  it  was  a  mistake  to 
leave  the  engine  with  only  one  man.  There  miglit  be  a  small  boy, 
as  in  Paris,  to  blow  the  horn  and  look  after  the  fire ;  but  there  must 
be  a  thoroughly  competent  man  whose  sole  attention,  or  at  least  the 
greater  part  of  it,  must  be  given  to  the  engine,  as  in  the  case  of  an 
ordinary  locomotive. 

The  Brown  engine  certainly  possessed  one  good  feature  in  the 
machinery  being  raised  from  the  ground ;  for  his  own  experience  had 
been  that,  apart  from  the  defects  of  the  road,  dust  had  been  the  great 
enemy  of  tramway  engines.  It  must  be  remembered  that  with  an 
ordinary  tramway  locomotive  the  crank  and  the  big  end  of  the 
connecting-rod  and  the  eccentric  straps  sometimes  came  within  2  in. 
of  the  ground :  as  for  instance  with  the  engines  working  at  Rouen 
and  Paris,  ha'^ing  inside  cylinders  of  7  in.  diameter  and  11  in.  stroke, 
and  wheels  2  ft.  diameter  on  tread  when  new.  Moreover  a  tramway 
rail  was  not  like  the  raised  rail  of  an  ordinary  railway,  but  was  on  a 
level  with  the  ground,  and  had  a  groove  in  which  the  dust  and  dirt 
accumulated,  to  be  churned  up  by  the  wheels.  This  was  no  new 
point,  because  the  same  evil  occurred  in  India,  with  a  very  different 
sort  of  service,  as  Mr.  Crompton  had  informed  them  (Proceedings, 
1879,  p.  603).  Further  he  believed  it  to  be  a  well-known  fact  that 
in  very  small  narrow-gauge  locomotives,  where  the  machinery  was 
very  near  the  ground,  it  had  been  observed  that  after  even  only  ten 
days'  service  the  brasses  &c.  had  been  completely  worn  and  cut  through. 
Unfortunately  the  paper  gave  no  statistics  as  to  the  cost  of  working 
Mr.  Brown's  engines  in  Paris.  Had  it  done  so,  they  would  probably 
have  been  able  to  compare  it  with  the  cost  of  working  three  or  four 
ordinary  types  of  engines,  such  as  Merryweather's,  Fox  Walker  & 
Co.'s,  and  the  Compagnie  de  Fives-Lille's  engines.  He  did  not 
know  whether  Mr.  Brown's  engines  were  runnings  now  in  Paris,  but 
if  they  were  it  would  be  interesting  to  learn  what  they  were  now 
doing,  because  other  engines  with  six  wheels,  constructed  in  Belgium, 
had  been  lately  running  on  the  same  line;  and  that  line  was 
constructed  better  than  the  generality  of  tramways  in  Paris. 
Underneath  the  longitudinal  timbers  were  cross  sleepers,  similar  to 
those  in  the  tramways  at  Eouen. 
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They  had  heard  from  Mr.  Hughes  that  he  had  suffered  very  much 
from  the  fire-boxes  of  his  engines  in  Paris  giving  out.  For  two  years 
he  (Mr.  Holt)  had  used  for  his  engines  the  same  water  as  Mr.  Hughes 
had  employed,  and  did  not  experience  the  same  effects ;  but  he  did 
not  condense.  This  point  was  certainly  one  that  required  some 
investigation,  because  the  experience  was  so  contrary  to  that  of  the 
Metropolitan  and  District  Eailways.  So  far  as  he  was  aware,  it  was 
not  found  there  that  the  introduction  of  oil  and  tallow  had  any 
hurtful  effect  on  the  engines.  In  fact  he  had  heard  one  locomotive 
superintendent  say  that  it  was  an  advantage,  as  he  did  not  use  so 
much  oil  and  tallow  as  he  otherwise  should. 

Mr.  E.  E.  B.  Crompton,  referring  to  Mr.  Hughes'  observations 
about  large  wheels,  said  that  all  engineers  would  put  large  wheels 
on  tramway  engines  if  they  could ;  but  large  wheels,  without 
corresponding  increase  in  length  of  stroke  and  consequent  increase  in 
general  dimensions,  meant  slow  piston-speed,  and  the  piston-speed  was 
very  small  in  tramway  engines  already  ;  it  was  not  desirable  therefore 
to  decrease  it,  if  it  could  be  helped.  He  wished  to  protest  against 
Mr.  Hughes'  objection  to  high  pressures.  Mr.  Brown  had  apparently 
succeeded  in  carrying  his  pressure  of  220  lbs.  without  any 
extraordinary  trouble.  No  doubt  with  that  construction  of  boiler 
it  might  be  supposed  that  under  220  lbs.  pressure  there  would  be 
considerable  distortion  at  the  junction  of  the  vertical  and  horizontal 
parts;  but  he  had  no  doubt  that  by  using  strong  flanges  or  angle- 
iron  rings  Mr.  Brown  had  prevented  that. 

The  arrangement  for  condensing  the  steam  did  not  seem  sufficient. 
Mr.  Tomlinson,  in  speaking  on  M.  Francq's  paper  at  Manchester 
(Proceedings  1879,  p.  630),  said  that  with  a  condensing  surface  of 
1600  sq.  ft.,  or  considerably  more  than  the  heating  surface  in  the 
boiler,  he  did  not  condense  one-tenth  of  the  steam.  He  was  himself 
present  at  several  trials  made  some  years  ago  with  Mr.  Perkins' 
small  road  locomotives,  working  at  about  500  lbs.  pressure ;  and 
there  an  air  condenser  was  required  that  weighed  nearly  as  much 
as  the  whole  engine  besides,  in  order  to  condense  the  whole  of  the 
steam.     The  condenser  shown  to  the  meeting  would,  he  thought,  do 
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more  harm  than  good.  The  Hteam  that  escaped  would  come  out  iu  a 
very  visible  form.  As  far  as  his  experience  of  engines  on  roads 
went,  the  best  way  of  getting  rid  of  the  nteam  was  not  to  attempt  to 
condense  it  at  all,  but  to  keep  it  as  long  a  time  as  possible  in  contact 
with  the  heated  gases,  and  so  superheat  it.  That  answered  in  every 
way,  except  in  very  moist  atmospheres,  and  there,  do  what  they 
might,  they  could  not  get  rid  of  the  steam.  He  had  been  present  at 
several  trials  of  tramway  locomotives  in  Leeds ;  and  he  found  that 
the  steam  was  not  visible  in  the  high  parts  of  the  town,  but  directly 
the  engine  got  to  the  lower  parts,  the  steam  showed  itself  in  dense 
clouds. 

He  noticed  that  Mr.  Brown  had  made  his  boiler  as  nearly  a  vertical 
boiler  as  possible.  He  did  not  see  why  it  should  not  be  a  vertical 
boiler  altogether ;  that  would  get  rid  of  any  trouble  there  might  be 
at  the  connection  with  the  horizontal  part,  and  would  make  it  a  great 
deal  cheaper.  He  was  convinced  that  for  tramway  purposes,  where 
height  was  not  so  important  a  matter,  and  the  boiler  might  stand  as 
high  as  the  tramcar  itself,  the  cheapest  thing  that  could  be  put  in 
was  a  vertical  boiler.  The  question  of  steam  on  tramways  would 
not  be  solved  until  somebody  produced  a  cheap  engine  ;  and  none  of 
the  engines  as  yet  produced  had  at  all  approached  the  point 
required.  Probably  the  Brown  engine  cost  the  maker  £700  or  £800  ; 
while,  as  he  had  tried  to  show  at  the  Paris  meeting  (Proceedings 
1878,  page  431),  it  would  be  impossible  to  compete  with  horses  in 
England,  where  cars  had  to  be  run  at  short  intervals,  until  the  cost 
was  brought  down  to  about  £300. 

Mr.  Holmes  Hied  said  the  author  stated  in  page  49  of  the  paper 
that  the  valve-gear  was  not  much  affected  by  the  vertical  play  of  the 
axles.  He  happened  to  have  had  some  experience  of  valve-gears, 
and  it  appeared  to  him  that  the  vertical  play  of  the  axles  in  this 
case  would  affect  the  working  of  the  valve-gear.  In  reference  to  the 
question  of  larger  wheels,  there  was  this  disadvantage  in  them,  that 
they  would  involve  the  necessity  of  larger  cylinders,  and  much 
stronger  and  heavier  working  gear:  the  framing  and  wheels  would 
also  have  to  be  considerably  heavier.  This  addition  to  the  weight 
was  a  very  important  matter  in  a  tramway  engine. 
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Mr.  J.  D.  Larsen  had  closely  observed  these  engines  from  tlie 
time  when  they  began  to  run  in  Paris,  and  so  far  they  had  given 
every  satisfaction.  Where  they  had  failed,  so  far  as  he  had  observed, 
the  fault  lay  in  the  road.  If  that  was  in  fair  condition  the  engines 
were  all  right ;  but  they  went  at  rather  a  high  speed,  and  whenever 
they  came  to  au  inequality  in  the  rails  they  sustained  a  shock  that 
tended  to  knock  them  to  pieces.  He  was  in  Hamburg  last  June, 
and  the  engines  there  were  working  very  well;  but  they  also,  as 
Mr.  Browne  would  admit,  met  with  some  difficulties,  because  they 
were  too  slight  for  a  bad  road.  For  new  tramways  such  engines 
would  no  doubt  answer  admirably.  He  wished  to  know  if  Mr. 
Browne  could  state  the  working  expenses  in  Paris.  He  had  taken 
great  interest  in  the  Brown  engine,  and,  so  far  as  he  knew,  it  had 
done  better  than  any  other  engine  for  tramways. 

Mr.  D.  Halpin,  referring  to  Mr.  Hird's  observations  about  the 
valve-gear,  thought,  if  the  motion  were  analysed,  it  would  become 
evident  that  the  vertical  motion  of  the  axle  could  not  have  much 
effect  on  the  valve  motion.  The  point  where  the  attachment  to  the 
connecting-rod  was  made,  for  imparting  motion  to  the  valve-gear, 
was  stated  to  be  at  about  one-third  of  the  length  of  the  connecting- 
rod  :  consequently  at  that  point  the  motion  would  only  be  one-third 
of  the  whole  of  the  vertical  motion  due  to  the  springs ;  and  taking 
into  consideration  the  further  reductions  due  to  the  link-work,  the 
versed-sine  of  the  arc  produced  would  be  almost  nil. 

Mr.  T.  E.  CRAMrTON  thought  that  the  vertical  movement  of  the 
axles  had  practically  no  effect.  With  regard  to  the  bearing  surface 
on  the  end  of  the  piston  rod,  that  might  be  increased  by  making  the 
loop  longer.  It  was  very  important  to  have  a  large  surface  there, 
to  prevent  undue  wear ;  but  there  was  no  doubt  in  his  mind  that  the 
valve-gear  shown,  if  properly  made,  would  answer  all  practical  purposes. 
It  had  also  the  advantage  of  giving  the  rocking  lever,  when  going 
quickly,  a  proper  balance.  He  did  not  however  attach  any  importance 
to  such  points :  the  production  of  a  good  engine  was  not  a  serious 
difficulty.     Attention  should  chiefly  be  directed  to  the  road.     In  his 
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opinion  a  tramway  road  should  be  very  nincli  stronger,  not  lighter, 
than  the  ordinary  railroad.  Heavy  cars  were  running  over  it  at  all 
times  ;  there  were  serious  shocks  from  vehicles  passing  along  the 
common  road  over  the  rails  ;  and  he  thought  therefore  considerably 
more  would  have  to  be  expended  on  tramways  than  had  been  usually 
regarded  as  necessary. 

With  respect  to  tbe  engine  itself,  a  tramway  could  never  be  kept 
in  the  same  order  as  an  ordinary  road  ;  and  it  was  very  essential 
therefore  to  have  proper  arrangements  of  springs,  so  that,  under  any 
conditions  of  the  road,  there  might  always  be  the  same  weight  on  the 
wheels.  That  was  best  attained  by  the  three-point  system  used  by 
Mr.  Brown ;  and  it  could  be  carried  out  with  six  wheels  as  well  as 
with  four. 

It  was  his  impression  that  there  was  also  a  future  for  the  Fireless 
engine  described  at  the  last  meeting,  because  it  was  exceedingly 
simple  in  construction ;  and  whether  it  burned  a  little  more  fuel 
or  not  was  of  no  very  great  importance.  According  to  the  paper 
only  3  or  4  lbs.  of  fuel  were  used  per  mile  in  the  Brown  engine, 
yet  the  total  expenses  were  5d,  per  mile,  so  that  the  fuel  was  only 
about  10  per  cent,  of  the  whole  cost.  If  2  or  3  per  cent,  of  that 
was  saved,  and  20  per  cent,  more  was  expended  on  repairs,  through 
extra  wear  and  tear,  was  the  saving  worth  having  at  the  price  ? 

He  agreed  with  Mr.  Hughes  in  regard  to  the  size  of  the  wheels. 
In  a  tramway  it  was  desirable  to  reduce  the  wear  and  tear,  and  to 
keep  out  of  the  dust  as  much  as  possible  ;  and  he  preferred  to  work 
direct  by  increasing  the  size  of  wheel,  rather  than  have  complications 
or  additional  parts.  As  the  members  no  doubt  knew,  he  had  paid 
some  attention  years  ago  to  the  use  of  a  separate  crank-axle,  and 
in  certain  conditions  it  was  an  admirable  thing ;  but  if  the  parts 
could  be  well  balanced,  and  radiating  axles  employed,  the  arrangement 
he  thought  would  work  well  as  it  stood.  With  very  small  wheels  some 
parts  must  be  close  to  the  ground,  and  the  pistons  must  be  run  faster. 
In  a  tram  engine,  going  only  8  or  10  miles  an  hour,  the  increased 
piston-speed  was  not  perhaps  injurious;  but  the  increased  expense 
due  to  wear  and  tear  was  very  great.  Large  wheels  involved  a  little 
extra  weight ;  but  the  extra  cost  of  labour  in  their  construction, 
compared  with  the  total  cost  of  the  engine,  would  be  trifling. 
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A  remark  had  been  made  with  regard  to  short  tubes.  Mistakes 
were  often  made  as  to  what  was  short  and  what  was  long  in  a  tube. 
The  question  simply  was,  how  large  was  the  area  as  compared  with 
the  length.  A  tube  3  ft.  or  4  ft.  long  might  be  a  very  long  tube  if 
it  were  only  J  in.  diameter  ;  at  least  there  would  not  be  much  heat  at 
the  smoke-box  end  with  those  proportions. 

There  was  one  other  point  to  be  mentioned,  that  of  the  coning  of 
the  wheels.  Of  course  in  passing  round  sharp  curves,  with  a  small 
wheel-base,  it  was  only  the  flange  of  the  fore  wheel  that  was  in  contact 
with  the  outer  raih  The  flange  of  the  hind  wheel  was  in  contact  with 
the  inner  rail ;  therefore  in  that  wheel  the  large  end  of  the  cone  was 
grinding  round  upon  the  inner  rail.  If  that  matter  were  looked  at  a 
little,  it  would  be  found  that  it  would  be  much  better  if  the  wheels 
were  made  parallel.  There  would  be  less  friction,  the  curves  would 
be  more  easily  passed,  and  there  would  be  less  wear  and  tear.  Some 
twenty  years  ago  he  had  induced  Mr.  Haswell  of  Vienna  to  alter  his 
whole  system,  and  to  use  parallel  rails  and  parallel  wheels.  Mr. 
Haswell  afterwards  wrote  to  him  to  say  that  his  wear  and  tear  of 
tyres  was  30  per  cent,  less  than  with  the  coned  wheels. 

Mr.  S.  Alley  had  closely  watched  the  working  of  steam  on 
tramways  for  about  three  years,  on  the  Vale  of  Clyde  Tramways 
at  Glasgow ;  and  agreed  with  many  of  the  gentlemen  who  had  spoken, 
that  the  matter  of  greatest  importance  was  the  construction  of  the 
road.  The  roads  in  general  use  were  much  too  light.  He  thought 
Mr.  Brown  had  made  a  mistake  in  making  an  engine  that  would 
adapt  itself  to  a  bad  road.  It  was  the  roads  that  ought  to  be  put 
right,  and  the  making  of  such  engines  only  encouraged  companies  to 
make  bad  roads.  With  reference  to  the  condenser,  he  should  like  to 
ask  Mr.  Brown  what  was  the  weight  of  his  condenser,  working  with 
an  atmospheric  temperature  of  45^  or  50°  Fahr.,  i.e.  what  weight  of 
tubes  would  be  required  to  condense  the  steam  thoroughly. 

It  had  been  remarked  by  Mr.  Holt  that  it  was  not  desirable  to 
work  an  engine  with  one  man.  He  could  testify  that  for  three  years 
the  engines  on  the  Vale  of  Clyde  Tramways  had  been  worked  by  one 
man,  and  he  did  not  know  that  a  single  accident  had  occurred, 
either  through  priming  or  anything  else. 


72  brown's  tramway  locomotive.  Jan.  1880. 

Tbo  mutter  that  Mr.  Iluglics  bad  mentioned  with  regard  to  liis 
locomotives  in  Paris  was  curious  and  interesting.  Mr.  Hughes  had 
consulted  him  about  it,  and  at  first,  wlien  he  heard  that  tbo  gradients 
wero  1  in  10,  be  said  that  one  end  of  the  fire-box  must  be  out  of 
the  water  owing  to  the  inclination.  But  having  learned  that  the 
gradient  of  1  in  10  was  very  short,  and  that  tlie  explosions  did  not 
often  take  place  on  this  incline,  he  saw  that  that  cause  could  have 
little  efi"ect.  Eight  boilers  exactly  the  same  as  those  in  Paris  bad 
been  at  work  on  the  Vale  of  Clyde  tramways  for  three  years, 
api^arently  under  the  same  conditions ;  and  in  no  case  bad  they  given 
any  trouble,  further  than  a  few  ordinary  leakages,  which  were  easily 
cured.  These  explosions  in  Paris  appeared  to  have  been  almost 
instantaneous,  as  if  by  minute  charges  of  dynamite  ;  and  it  therefore 
would  seem  to  be  more  a  chemical  than  a  mechanical  question, 
and  one  which  ought,  if  possible,  to  be  probed  to  the  bottom. 

Mr.   Daniel   Adamson   thought   the    matter    could    be    simply 

explained  by  the  action  of  the  Paris  water,  which  would  be  drawn 

from  the  coralline  oolites.     All  water  highly  impregnated  with  lime, 

whether  carbonate  of  lime   or  sulphate   of  lime,  had  in  its   pasty 

character  an  enormous  affinity  for  grease  ;    and  if   there  was    any 

grease  in  the  boiler  when  it  was  heated,  the  lime  deposit  would  lay 

hold  of  it.     The  grease  could  then  only  be  detected  in   the  way 

Mr.  Hughes  had  described,  by  putting  the  dust  into  an  iron  ladle 

heating  it  on  the  fire.     The  grease  thus  mixed  with  the  lime  dust 

could  not  be  vaporised  off  the  surface  of  the  boiler  plates  until  a 

temperature  was  attained  of  about  600"^ :  and  this  temperature,  which 

was  that  of  a  low  red  heat  in  the  dark,  would  destroy  the  whole 

tenacity  of  the  brass  tubes,  and,  as  bad  just  been  said,  they  would 

break  off  and  explode  almost  as  if  by  dynamite.     But  besides  that, 

the  greasy  dust  would  adhere  even  to  the  under  side  of  the  tubes, 

which  would  get  so  overheated  as  to  destroy  the  bearing  power  not 

only  of  brass,  which  was  most  treacherous  at  a  high  temjDerature, 

but  of  wrought  iron  or  the  finest  mild  steel.     Boilers  working  on 

the   Wear   at   Sunderland    and    at    Hartlepool,   supplied    from    the 

magnesian  limestone,  and,  in  some  few  cases,  boilers  working  with 
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well  water  at  Birmingham,  and  getting  sulphate  of  lime  from  the 
triassic  rocks,  had  experienced  the  same  evil.  This  subject  was 
well  understood  by  a  few  engineers  of  large  experience  in  stationary- 
engines,  and  no  doubt  remained  upon  it.  Similarly  when  surface 
condensation  was  adopted  for  marine  boilers,  the  grease  played  a 
most  active  part  in  destroying  the  tubes;  a  greasy  sedimentary 
deposit  settled  down,  sometimes  on  one  portion  and  sometimes  on 
another,  in  the  most  erratic  manner,  and  corroded  a  hole  through  in 
a  few  days. 

He  must  add  his  testimony  as  to  the  weakness  of  the  Brown 
boiler.  The  horizontal  casing  attached  to  a  vertical  boiler  necessarily 
made  a  weak  part  at  the  joining  of  the  two.  The  great  experience  on 
railways  had  shown  that  there  were  only  two  forms  of  surface  that 
could  be  constructed  with  certainty.  One  was  that  of  a  cylinder, 
and  the  other  that  of  a  perfectly  flat  surface,  where  the  bursting 
action  was  neutralised  by  means  of  stays.  He  had  had  great 
opportunities  of  watching  this  T  construction  of  boiler  under  test, 
and  also  in  actual  working  on  the  Stockton  and  Darlington  Railway ; 
and  nothing  could  keep  such  boilers  tight  in  the  angle  between  the 
two  parts  for  any  long  period  of  time.  The  simple  explanation  was, 
that  if  there  was  a  curved  surface,  which  yet  was  not  a  true  circle, 
it  would  always  tend  to  get  into  a  circle  under  pressure,  and  leakage 
would  follow,  unless  the  structure  was  heavily  stayed. 

He  could  not  agree  that  the  working  beam  was  any  advantage  to 
the  engine.  He  did  not  see  how  it  was  possible  to  transmit  the  force 
from  the  piston  through  that  lever  without  excessive  weight,  owing 
to  the  necessity  for  strength.  It  it  was  practically  possible  to  have 
a  rather  larger  and  heavier  wheel,  and  make  the  crank  sufficiently 
large  to  get  proper  piston-speed,  it  must  be  evident  that  the  engine 
would  then  be  worked  with  the  fewest  possible  parts,  and  the  least 
chances  of  wear  and  tear.  He  did  not  quite  acquiesce  in  the 
statement  in  the  paper  that  the  vertical  action  of  the  springs  would 
not  affect  the  valve-gear.  Those  who  were  familiar  with  Hackworth's 
single-eccentric  reversing  motion,  knew  that  it  could  not  be  applied 
to  a  locomotive  from  the  dancing  of  the  springs ;  and  the  principles 
of  the  two  were  identical. 
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Mr.  R.  Peacock,  referring  to  the  question  of  grease  getting  into 
boilers,  observed  tliat  tlio  Metropolitan  Railway  engines,  which  had 
been  working  for  Hftcen  or  sixteen  years,  were  still  working  without  a 
change  of  cither  fire-box  or  boiler  ;  and  it  was  well  known  that  those 
engines  practically  condensed  all  their  steam,  and  that  their  boilers 
were  fed  from  the  condensed  water.  As  a  matter  of  course  that 
water  was  greatly  impregnated  with  the  oil  and  grease  that  was 
put  into  the  cylinders  in  the  first  instance,  passed  from  thence  into 
the  condensed  water,  was  taken  up  again  by  the  pumps,  forced  into 
the  boiler,  and  used  over  and  over  again.  But  with  all  that,  it  was 
the  fact,  he  believed,  that  there  were  no  other  boilers  so  free  from 
scale  and  dirt  as  those  of  the  Metropolitan  Railway.  He  was  told 
that  the  fire-box  tops  and  sides,  though  some  had  been  at  work  sixteen 
years,  were  as  clean  now  as  when  they  were  put  in. 

Mr.  Joseph  Tomlinson,  Jun.,  said  Mr.  Peacock  was  under  a  little 
misapprehension  on  the  point  he  had  raised,  for  this  reason,  that 
on  the  Metropolitan  Railway  only  J-  lb.  of  tallow  was  used  for 
each  pair  of  cylinders  in  a  run  of  100  miles,  or  4J  trips;  and 
during  that  time  the  water  was  changed  nine  times,  so  that  Jib.  of 
tallow  was  put  into  8000  gallons  of  water.  Moreover,  as  the  steam  was 
exhausted  into  the  top  of  the  tank,  the  grease  being  lighter  remained 
on  the  top  of  the  water,  while  the  boiler  was  fed  from  the  bottom  of 
the  tank ;  so  that  little  or  no  grease  ever  got  into  the  boilers.  It  was 
quite  true  that  they  had  not  put  a  new  fire-box  into  any  of  their 
engines,  though  some  of  them  had  run  over  600,000  miles;  and 
they  were  almost  as  clean  now  as  when  new.  He  did  not  think 
however  that  this  arose  from  the  cause  suggested,  but  from  the 
construction  of  the  fire-boxes,  and  the  manner  in  which  they  were 
stayed.  The  steam  was  more  easily  liberated  longitudinally  than 
vertically.  The  roof  bars  were  set  very  close  together,  with  a 
1^  in.  stay  between  them ;  and  the  steam  ran  along  the  top  of  the  fire- 
box, under  these  stays  and  between  the  roof  bars,  and  so  kept  the  top 
of  the  fire-box  clean. 
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Mr.  Charles  Cochrane  said  tliat,  with  regard  to  the  question  of 
acid  arising  from  the  oil  getting  into  the  condensed  water,  he  shouhl 
like  to  give  the  result  of  twenty  years'  experience  with  boilers  in  the 
North,  which  were  found  to  be  pitted  inside  by  the  action  of  acid  just 
along  the  surface  line  of  the  water.  This  action  was  removed 
entirely  by  the  addition  of  a  little  caustic  soda  to  the  condensed 
water ;  and  that  water  was  constantly  used  as  being  the  purest  that 
could  be  had  for  their  boilers,  in  the  sense  that  it  contained  no  solid 
matter,  but  simply  a  little  acid,  which  would  be  deleterious  to  the 
water  unless  it  was  corrected  by  the  soda.  When  he  heard  of  boilers 
suffering  by  reason  of  the  action  of  the  oil  used  in  the  engine,  he  felt 
it  ought  to  be  known  that  there  was  such  a  simple  mode  of  correcting 
this  deleterious  influence. 

The  President  wished  to  mention  one  fact  in  reference  to  the 
boiling  of  grease  in  water.  He  knew  a  case  of  a  boiler  with  a 
surface-evaporator  condenser,  where  the  water  was  used  over  and 
over  again  for  a  fortnight  with  very  little  loss.  The  boiler  then 
began  to  leak  at  the  seams,  in  consequence  of  the  acid  grease 
which  formed  on  the  plates.  This  was  entirely  cured  by  pumping 
in  hard  water ;  the  lime  in  that  water  entirely  neutralised  the  grease, 
turning  it  into  a  non-acid  grease,  and  only  produced  occasional  lumps 
of  insoluble  soap,  which  were  perfectly  innocuous.  On  the  same 
principle  Price's  Candle  Company  converted  ordinary  neutral  grease 
into  acid  grease,  by  extracting  the  glycerine  from  it  by  means  of 
continued  boiling  at  very  high  pressure,  according  to  Tilghman's 
process.  He  had  no  doubt  that  the  special  trouble  which  had  been 
experienced  with  the  boilers  under  discussion  was  partly  due  to  a 
higher  pressure  than  usual  being  employed,  as  the  neutral  grease 
was  much  more  quickly  and  thoroughly  decomposed  at  such 
pressure,  than  at  ordinary  pressures.  With  regard  to  the  case  of 
Mr.  Hughes  in  Paris,  he  believed  Mr.  Browne  would  give  some 
confirmatory  evidence  in  reference  to  it.  In  certain  cases  the 
water  used  in  Paris,  and  elsewhere  on  the  continent,  was  of  such 
a  nature,  that  the  scale  it  formed  upon  the  tubes  took  up  the  grease 
very  greedily,  and   then   it  would  become  a   sort  of  greasy  stone. 
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Then  the  water  would  not  touch  tlic  tubes,  and  tlio  high  temperature 
of  600°  whicli  Mr.  Adamson  had  si)()kcn  of  was  necesKary  to 
deconiposo  or  drive  oif  tho  greasy  deposit.  As  soon  as  this  had 
happened,  tho  tubes,  being  at  almost  tho  highest  evaporating 
temperature,  flashed  a  great  quantity  of  water  into  steam,  which  no 
doubt  tended  to  strain  the  tubes  and  the  boiler.  It  therefore  seemed 
a  mass  of  evidence  was  being  obtained,  which  all  tended  to  a  clear 
explanation  of  the  action  going  on  in  the  boiler.  In  reference 
to  what  Mr.  Peacock  had  said  about  tallow,  he  thought  if  much  tallow 
got  into  a  boiler,  there  would  then  be  a  quantity  of  grease  which 
would  boil  to  an  acid  grease ;  but  if  only  ^  lb.  of  tallow  w^as 
used  to  100  miles,  and  the  water  was  changed  nine  times,  it  could 
scarcely  affect  the  boiler. 

Mr.  B.  C.  Browne  said  in  reply  that  the  first  point  to  which  Mr. 
Hughes  had  called  attention  was  the  working  at  such  high  pressures. 
Of  course  he  quite  admitted  that  to  have  an  explosion,  or  even  a 
bursting  of  a  tube  in  the  street,  with  a  pressure  of  220  lbs.,  would  be 
a  very  unfortunate  thing ;  but  at  the  same  time  in  an  ordinary 
locomotive,  working  at  150  lbs.,  if  a  tube  were  to  burst  or  anything 
of  the  sort  happened,  it  would  be  a  very  serious  affair ;  and  the 
additional  pressure  from  that  to  200  or  220  lbs.  he  did  not  think 
would  make  the  matter  very  much  worse.  It  must  also  be  considered 
that  a  very  much  smaller  boiler  could  be  used  with  the  higher 
pressure.  The  greatest  possible  amount  of  care  and  supervision 
could  be  exercised  over  the  manufacture,  and  it  could  be  made  of  the 
very  best  material.  So  far  the  boilers  of  Brown's  engines  had  been 
made  of  steel  carefully  selected.  The  tubes  were  also  of  steel,  or  of 
homogeneous  iron ;  and  no  more  difficulty  had  been  found  in  keeping 
them  tight,  either  from  the  shape  or  the  amount  of  pressure,  than  in 
other  locomotive  boilers.  With  regard  to  the  question  of  joining  the 
horizontal  cylinder  to  the  vertical,  the  way  in  which  it  was  done  was 
this.  The  hole  was  first  cut  in  the  larger  or  vertical  cylinder,  and 
the  plate  was  flanged  outwards  on  an  easy  curve :  the  horizontal 
cylinder  was  also  flanged  outwards,  and  the  tw^o  were  then  laid  on 
each  other.     Care  was  taken  to  see  that  they  actually  took  a  good 
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bearing  of  metal  to  metal  all  over,  and  then  he  believed  they  made  an 
excellent  joint.  In  the  drawing  all  the  stays  were  not  shown.  The 
rule  for  the  staying  of  a  boiler  of  that  sort  was  much  the  same  as  the 
rules  that  would  be  used  for  the  staying  of  any  other  boiler  to  be 
worked  at  high  pressure. 

With  regard  to  the  question  of  dust  and  dirt  injuring  the  engine, 
Mr.  Hughes  had  quoted  the  case  of  an  express  engine  ;  but  an  express 
engine  was  raised  a  great  deal  higher  than  a  tramway  engine.  It  was 
true  it  went  faster,  but  it  ran  on  raised  rails,  which  were  always 
practically  clean  and  dry.  On  the  other  hand,  the  tramway-road  was 
almost  like  a  ditch,  into  which  everything  flowed,  not  only  water  but 
mud;  and  with  the  small  wheels  there  was  far  more  oi^portunity 
for  the  dirt  to  get  into  the  mechanism.  He  wished  they  had  had 
some  further  expression  of  opinion  on  that  point ;  but  certainly, 
wherever  he  had  seen  a  design  for  a  tramway  engine,  great  provision 
was  made  for  keeping  the  dust  and  dirt  off  the  machinery. 

With  regard  to  the  condenser,  Mr.  Hughes  thought  it  was 
insufficient  for  the  work  it  had  to  do.  In  fact  however  they 
succeeded  in  showing  very  little  steam,  usually  none  at  all.  He 
believed  that  the  condenser  would  practically  condense  all  the  steam 
when  the  engine  was  running  ;  which  was  quite  a  different  thing  from 
the  amount  it  would  condense  if  the  engine  was  at  rest,  because  of  the 
cold  air  constantly  passing  over  it  when  running.  The  weight  of 
the  condenser  was  about  400  lbs. ;  it  was  all  made  of  exceedingly 
light  copper  tubes,  and  it  had  230  sq.  ft.  of  surface.  Theoretically 
he  believed  there  was  sufficient  surface  to  condense  two-thirds  of  all 
the  steam  that  was  used  under  ordinary  circumstances.  But  of  course 
when  there  were  no  horses  in  sight,  or  other  objection,  the  drivers 
would  perhaps  throw  off  a  little  steam.  On  the  whole  Mr.  Brown  had 
certainly  succeeded  in  preventing  all  complaints  as  to  steam  showing ; 
and,  after  all,  he  believed  that  all  engineers,  in  their  heart  of  hearts, 
looked  on  the  condenser  as  a  mistake,  and  as  entirely  useless.  They 
used  it  because  people  had  the  feeling  that  steam  would  frighten 
horses  and  perhaps  be  objectionable  by  going  into  the  windows  of 
houses ;  but  tliey  all  looked  forward  to  the  time  when  tramway 
engines  would  be  more  used,  and  when  they  would  be  able  to  work 
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witlioiit  condensers  in  England,  as  was  done  in  otlicr  countries.  In 
the  meantime,  whatever  satisfied  the  Board  of  Trade  and  the  public 
ought  to  bo  sufficiently  good  to  satisfy  engineers. 

The  shape  of  the  boiler  had  been  objected  to  by  Mr.  Adamson. 
He  himself  thought  that  after  all  the  practical  rcjjly  was  that  the 
boilers  did  not  give  any  trouble.  At  Hamburg,  after  trying  the 
engines  for  a  year  and  a  half,  the  police  had  just  brouglit  out 
regulations  sanctioning  the  use  of  Brown's  engine,  and  of  no  other,  at 
least  without  special  experiments.  The  engines  there  and  elsewhere 
were  quite  out  of  Mr.  Brown's  hands,  and  belonged  to  the  different 
Tramway  Companies,  just  as  locomotives  were  the  property  of 
Eailway  Companies. 

With  regard  to  fuel  consumption,  he  quite  expected  that  some 
observation  would  be  made  upon  the  Table  at  page  51  with  reference 
to  Strasburg.  It  certainly  looked  at  first  sight  rather  startling  to 
see  the  consumption  rise  from  20  lbs.  in  August  to  30-50  lbs.  in 
November,  while  at  the  same  lime  the  number  of  miles  was  less.  He 
thought  that  was  chiefly  owing  to  two  causes.  In  the  first  place 
tramway  engines  would  always  use  more  fuel,  and  obviously  more 
oil,  in  cold  weather,  when  the  oil  was  always  clogging,  than  they 
would,  in  hot  weather,  when  the  oil  was  liquid.  Secondly,  with 
engines  making  less  mileage,  there  was  more  standing  time  and  more 
cooling  down  than  before,  and  the  consumption  per  mile  would  be 
higher.  It  would  be  remembered  also  that  1878-9  was  an  unusually 
severe  season.  The  winter  came  on  early,  and  the  engines  then  had 
to  fight  their  way  through  the  snow  that  was  constantly  falling  ;  that, 
he  believed,  entirely  accounted  for  the  extra  consumption.  At  page  54 
the  average  consumption  of  coke  was  given  as  5f  lbs.  per  mile.  At 
page  55  it  was  stated  that  on  level  roads  (Strasburg  of  course 
was  not  a  case  of  level  roads),  and  with  a  certain  weight 
and  speed,  they  could  work  with  a  consumption  of  3  *  6  lbs.  per  mile. 
A  letter  received  by  his  firm  on  5th  November,  from  the  manager 
of  the  Strasburg  Tramways,  stated,  "  We  use  now  on  an  average 
3  lbs.  of  coal  per  kilometre  ;  "  which  was  4  •  8  lbs.  per  mile,  or  roughly 
speaking  about  half-way  between  what  was  used  in  1878,  and 
what  was  spoken  of  as  the  consumption   under  practically  perfect 
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circumstances:  and,  taking  into  account  the  difference  between  the 
Strasburg  road  and  a  dead  level,  that  proportion  was  about  v^hat  it 
should  be.  At  Hamburg  the  consumption  was  much  higher,  but 
that  was  gas  coke. 

Mr.  Schonheyder  had  found  fault  with  the  square  link  at  the  end 
of  the  piston  rod.  He  admitted  that  it  was  not  a  perfect  construction, 
and  where  the  conditions  were  suitable  they  introduced  a  small 
connecting-rod.  But  it  had  one  great  advantage,  namely  that  if  it 
wore  loose  it  could  be  so  easily  lined  up,  and  adjusted  to  the  greatest 
nicety. 

With  regard  to  the  fact  of  one  man  working  this  engine,  while 
there  were  necessarily  two  men  on  a  railway  engine,  members  should 
bear  in  mind  the  great  ease  with  which  a  man  could  stop  a  tramway 
engine.  Not  only  this  engine,  but  almost  all  tramway  engines  could 
be  stopped  in  something  like  their  own  length  under  ordinary 
circumstances.  If  a  man  suspected  anything  therefore,  he  could 
stop  the  engine  at  once.  The  engine  was  stopped,  as  it  was,  at  all 
sorts  of  places  and  under  all  sorts  of  circumstances ;  it  was  a  very 
small  affair  to  halt  at  once  if  the  driver  suspected  that  anything 
was  wrong.  At  the  same  time  he  did  not  remember  ever  hearing  of 
a  man  having  to  stop  his  engine  on  account  of  want  of  steam,  or  for 
anything  of  that  sort. 

With  regard  to  what  happened  with  the  Brown  engines  in  Paris, 
he  was  sorry  to  say  that  he  could  only  give  exceedingly  imperfect 
information.  The  engines  in  Paris  were  not  made  at  Mr.  Brown's 
works,  though  they  were  made  on  his  principle.  They  were  in  the 
hands  of  other  people,  and  therefore  he  could  not  speak  with  such 
accuracy  on  the  point  as  he  could  wish.*  But  he  could  show  that 
elsewhere  the  engines  had  been  so  successfully  worked  that  people 
bought  them  in  large  numbers  and  came  back  again  and  again,  and 
ordered  more,  which  after  all  proved  that  they  were  a  commercial 
success.     Even  if  all  the  stories  related  with  regard  to  the  engines 

*  Mr.  Browne  has  since  informed  the  Secretary  that  these  engines  have 
worked  on  the  '  Etoile '  line,  regularly  and  witliout  cessation,  for  nearly  two 
years.  Their  number  has  been  increased  to  17,  and  they  are  now  the  property  of 
the  Tramway  Company. 
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in  Paris  were  true,  lie  did  not  tliiiik  tliey  would  .affect  the  questioD, 
because  of  course  the  best  engine  might  be  spoiled,  if  it  were  not 
used  properly,  or  if  it  were  put  upon  a  sufTiciently  bad  road. 

With  regard  to  Mr.  Cronipton's  remarks,  he  knew  that  that 
gentleman  was  not  fond  of  using  a  condenser  at  all,  and  he  himself 
quite  agreed  with  him.  Mr.  Cromjiton  said  that  a  tramway  engine 
ought  to  be  produced  for  something  like  £300,  and  that  this  engine 
had  probably  cost  £700  or  £800.  As  a  matter  of  fact  however  they 
cost  nothing  like  such  a  sum.  But  what  he  supposed  Mr.  Crompton 
really  meant  was  that  tramway  engines  would  not  succeed  until  they 
could  be  made  for  something  like  half  their  present  cost ;  in  other 
words,  that  half  the  amount  of  work  and  complications  in  existing 
engines  must  be  swept  away.  Looking  at  the  engine  described,  or  at 
Mr.  Hughes's  engine,  or  any  other,  he  thought  they  might  pretty 
nearly  see  their  way  to  that.  First  of  all,  they  were  now  sacrificing  a 
great  deal  to  make  the  engines  as  light  as  possible.  In  many  cases, 
if  they  did  not  regard  weight,  they  could  use  more  cast  iron  &c.,  and 
so  make  the  engine  a  great  deal  cheaper.  The  condenser,  the  closing 
in  of  the  sides,  and  several  other  parts,  were  really  put  to  satisfy 
people  outside,  more  than  for  any  real  work  the  engine  had  to  do. 
At  present  they  never  knew  what  road  they  would  have  to  go  upon, 
or  what  load  they  would  have  to  draw ;  but  if  they  simply  had  to 
deal  with  one  or  two  tram-cars,  loaded  full  of  people,  on  a  fairly  good 
road,  and  if  they  had  got  rid  of  all  those  outside  considerations,  as 
was  the  case  on  railways,  there  was  no  doubt  that  tram  engines 
could  be  made  enormously  cheaper  than  they  were  now. 

Some  observations  had  been  made  on  the  tramway  itself.  He 
believed  very  few,  even  of  those  tramways  that  had  never  had  an 
engine  on  them,  were  fit  for  anything.  He  had  had  to  look  at  this 
tramway  question,  not  only  as  an  engineer,  but  also  as  a  town 
councillor ;  and  it  appeared  to  him  that,  whatever  system  had  been 
adopted,  almost  all  roads  were  made  far  too  light,  not  so  much  for 
the  tramway  work,  as  for  the  other  work  that  came  upon  them.  In 
almost  all  manufacturing  towns,  weights  went  through  the  streets 
amounting  to  as  much  as  10  tons  on  one  wheel;  he  himself 
frequently  sent  out  loads  of  machinery  on  wagons  in  excess  even  of 
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that.  But  those  heavily  loaded  vehicles,  once  crossing  over  a 
tramway,  might  so  injure  it  as  to  make  it  very  awkward  for  either 
cars  or  engines  passing  over  it  afterwards. 

With  regard  to  the  coning  of  the  wheels,  Mr.  Brown  had  started 
by  having  an  exceedingly  small  amount  of  coning,  and  now  he  had 
all  his  wheels  absolutely  parallel. 

With  regard  to  the  question  of  oil  getting  into  the  boiler,  he 
believed  it  was  a  matter  of  circumstances.  It  might  be  found  that 
in  certain  places  it  was  possible  to  mix  up  the  condensed  steam  and 
the  feed  water  without  injury ;  but  certainly  it  was  safer,  where  it 
was  practicable,  to  keep  them  separate  from  each  other.  In  Paris 
and  elsewhere  a  calcareous  soap  was  certainly  formed  from  the  water 
and  grease  combined,  exactly  as  had  been  stated  by  the  President. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Browne  for  his 
paper,  which  was  unanimously  passed. 


The  Meeting  was  then  adjourned  till  the  following  day. 


The  Adjourned  Meeting  of  the  Institution  was'  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Friday,  23rd  January, 
1880,  at  Three  o'clock,  p.m. ;  Edward  A.  Cowpeb,  Esq.,  President, 
in  the  chair. 


The  following  paper  was  read 


82  Jax.  1880. 


ON  IMPROVEMENTS  IN  MACHINERY  FOR   ROLLING 
IRON   AND   STEEL   PLATES. 


By  Mr.  EDWARD  HUTCHINSON,  of  Darlington. 


Before  proceeding  to  describe  tlie  nature  of  the  proposed 
improvements,  it  will  be  well  to  notice  briefly  the  method  generally 
adopted  at  present  in  Rolling  Plates,  as  compared  with  that  in  use 
for  producing  flat  bars,  angles,  or  other  sections. 

These  latter  forms  of  manufactured  iron  are  produced  by  means 
of  rolls  with  several  grooves,  of  gradually  decreasing  sectional  area, 
cut  on  their  surfaces,  so  that  generally  two,  and  sometimes  three 
pairs  of  rolls  are  required  to  contain  the  number  of  grooves  or 
spaces  necessary.  Thus  the  production  of  large  sections  of  angle,  tee, 
channel  iron  &c.,  is  very  expensive  on  account  of  the  first  cost  of 
the  rolls,  in  cases  where  the  section  is  an  unusual  one,  and  the 
quantity  of  lengths  required  is  not  large.  On  the  other  hand,  as  the 
bar  is  rolled  to  its  exact  section,  and  in  forming  the  pile  no  allowance 
need  be  made  for  waste  in  shearing  (except  so  much  as  is  necessary 
to  ensure  a  clean  end  to  the  bar),  the  cost  per  ton  rapidly  diminishes 
with  the  increase  in  quantity  produced. 

Thus,  of  all  forms  of  rolled  iron,  double-headed  rails  are  the 
cheapest ;  then  follow  the  commoner  sections  of  bars,  angle-iron  &c. 
used  in  shipbuilding  and  elsewhere ;  whilst  the  most  expensive  forms 
of  all  are  the  heavier  sections  of  channel  and  joist  iron,  the  cost  of 
which  is  augmented  not  only  by  the  ordinary  difficulties  attending 
their  manufacture,  but  also,  and  perhaps  to  a  still  greater  degree, 
by  the  smallness  of  the  quantity  required  at  one  time. 

With  plates  another  state  of  things  exists,  and  totally  different 
conditions  have  to  be  taken  into  account,  in  estimating  the  cost  of 
any  given  specification.  Here  the  cost  of  the  rolls  is  not  to  be 
considered,  nor  is  the  quantity  required  at  one  time  of  much 
importance.      The   chief    point    affecting    the    cost   of    production 
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(supposing  tlie  specijfication  to  require  only  plates  of  ordinary  length, 
breadth,  and  thickness)  is  the  variable  proportion  of  waste  in  rolling 
plates  of  different  widths  and  lengths,  due  to  the  fact  that  plates  are 
not  rolled,  like  bars,  to  their  exact  dimensions,  but  between  plain 
rolls,  and  therefore  a  certain  width  must  be  sheared  off  each  side,  as 
well  as  off  the  ends. 

In  the  trade  a  bar  is  supposed  not  to  exceed  8  or  9  in.  in  width. 
All  widths  above  this  are  taken  as  plates,  unless  specially  ordered  as 
bars  ;  but  most  large  bar-mills  now  roll  bars  up  to  about  12  in.  wide  if 
required.  Bars  above  this  latter  width  become  very  expensive,  chiefly 
on  account  of  the  number  of  rolls  which  would  be  required  for 
intermediate  widths,  as  well  as  the  great  number  of  sections  of 
puddled  bar  which  it  would  be  necessary  to  provide.  All  above 
12  in.  wide,  and  many  under,  are  therefore  rolled  as  plates,  and 
sheared  on  the  sides  as  well  as  the  ends.  The  process  may  be 
described  as  follows.  A  pile  is  made  of  puddled  bar  and  of  scrap, 
the  latter  composed  of  the  shearings  off  finished  plates.  The  puddled 
bars  are  generally  from  12  to  18  in.  wide,  the  width  being  regulated 
to  some  extent  by  that  of  the  finished  plate  intended  to  be  produced. 
After  being  heated,  the  rough  pile  is  first  put  through  blooming  rolls, 
to  close  the  edges,  and  to  compress  and  solidify  the  mass.  It  is  then 
usually  turned  sideways  to  the  rolls,  and  put  through  the  roughing 
rolls  as  many  times  as  are  necessary  to  bring  it  up  to  the  required 
width,  allowing  a  margin  for  shearing,  and  for  inaccuracies  as  to 
straightness  &c. ;  it  is  then  turned  again  and  gradually  elongated, 
partly  in  the  roughing  and  partly  in  the  finishing  rolls,  until  brought 
down  to  the  required  gauge,  regardless  of  its  length. 

In  order  to  ensure  a  perfect  plate,  it  is  necessary  to  allow  for 
shearing  at  least  3  in.  on  each  side,  in  a  strip  of  fair  length  ;  so  that 
for  a  12-in.  plate  more  than  30  per  cent,  of  the  rough  strip  is  cut  to 
waste  on  the  edges  alone.  In  other  words,  whereas  a  pile  of  6  cwt. 
would  be  heavy  enough  to  make  a  har  of  a  given  weight,  12  in. 
wide,  a  9-cwt.  pile  would  be  required  to  produce  a  sheared  ^lafe 
of  the  same  dimensions.  With  plates  at  £8  per  ton,  and  scrap  iron 
at  £3  per  ton,  this  extra  waste  would  amount  to  a  clear  expenditure 
of  50s.,  per  ton  of  finished  iron,  in  waste  of  materials  alone. 

L  2 
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This  difference  of  course  decreases  as  the  width  of  the  bar  or 
plato  increases ;  because  the  proportion  which  the  allowance  for 
waste  bears  to  the  whole  mass  becomes  less  and  less  the  wider  the 
plate.  In  all  cases  however  a  very  liberal  allowance  must  be  made 
to  ensure  a  sound  edge  ;  notwithstanding  wliicli  there  is  in  all 
plate  mills  a  very  great  loss  due  to  tlic  proportion  of  plates  which, 
owing  to  defective  edges,  will  not  cut  to  the  full  size  required. 

In  steel,  the  difference  in  value  between  the  finished  plate  and 
the  scrap  is  of  course  greater  than  in  iron ;  and  the  resulting  loss  is 
more  serious  in  the  like  proportion. 

In  order  to  overcome  these  objections  to  the  prevailing  method  of 
rolling  plates,  at  least  as  regards  narrow  plates,  the  mill  known  as 
the  "Universal  Mill"  was  devised.  It  has  also  been  called  the 
Belgian  mill,  from  its  frequent  adoption  in  Belgium.  In  this  country 
it  has  not  been  generally  successful,  owing  chiefly,  it  is  believed,  to 
the  objection  English  workmen  have  to  novel  appliances,  or  rather 
perhaps  to  the  difficulties  which  manufacturers  in  this  country 
experience  in  adopting  labour-saving  machinery.  The  writer  however 
has  had  an  opportunity  of  judging  of  its  merits  during  several  months' 
fair  work  at  the  Britannia  Works  at  Middlesbrough. 

The  construction  of  the  Belgian  mill  is  not  in  a  strict  sense  of  a 
complicated  nature.  When  however  we  consider  the  great  strength 
required  for  6very  part  of  this  class  of  machinery,  the  rough  usage, 
and  the  enormous  cost  of  break-downs  and  delay,  we  shall  find 
that  there  are  certainly  a  greater  number  of  parts  requiring  careful 
adjustment  about  the  Belgian  mill  than  is  consistent  with  the 
highest  economy  in  production;  in  other  words,  if  bars  could  be 
rolled  of  the  same  widths  in  ordinary  rolls  as  in  the  Belgian  mill, 
the  latter  could  not  compete  with  the  former  in  point  of  economy. 

As  shown  in  Plate  4,  the  Belgian  mill  is  simply  an  ordinary 
mill  with  a  pair  of  vertical  rolls  A  A  behind  the  horizontal  ones  B  B. 
The  former  catch  the  plate  as  it  leaves  the  horizontal  rolls,  and 
compress  the  edges  sufficiently  to  close  and  solidify  them.  The 
surfaces  of  the  vertical  rolls  move  a  little  faster  than  those  of  the 
horizontal  rolls. 


Jak.  1880.  PLATE    POLLING    MACHINERY.  85 

In  practice  it  is  not  found  desirable  to  compress  the  edges  mucli  more 
than  is  just  about  sufficient  to  preserve  the  width,  without  decreasing 
it ;  and  the  piles  are  generally  made  about  the  same  width  as  the 
finished  plate  is  intended  to  be.  This  implies  the  necessity  for  great 
diversity  of  width  in  the  puddled  bars,  a  difficulty  which  is  usually 
got  over  in  Belgium  by  using  several  narrow  bars  of  variable  width, 
to  form  the  tops  and  bottoms  of  the  piles.  Thus  from  a  stock 
composed  of  5,  6,  7,  and  8  in.  puddled  bars,  piles  of  all  widths  above 
10  in.  could  be  built  up,  rising  by  inches.  It  is  however  impossible 
to  admit  that  a  plate  so  made,  i.e.  with  a  welded  instead  of  a  solid 
surface,  can  be  so  sound,  or  so  uniform  in  tensile  strength  across 
the  grain,  as  one  produced  in  the  ordinary  way. 

Most  Belgian  mills,  probably  with  a  view  to  avoid  expensive 
complications,  consist  of  only  one  pair  of  horizontal  rolls  working 
in  combination  with  vertical  rolls ;  and  these  are  usually  in  connection 
with  an  ordinary  plate  mill.  This  prohibits  a  large  production,  as 
the  rolls  become  too  hot  if  the  work  is  continuous. 

The  manipulation  of  the  Belgian  mill  is  by  no  means  a  simple 
matter,  nor  can  it  be  placed  in  the  hands  of  inexperienced  or  unskilful 
workmen.  The  slightest  maladjustment  of  the  screws,  either  of  the 
vertical  or  of  the  horizontal  rolls,  will  cause  the  plate  to  twist; 
whilst,  if  the  vertical  rolls  are  allowed  to  exercise  any  undue 
pressure  on  the  edge,  it  becomes  thickened  to  such  a  degree,  that 
the  plate  is  sure  to  curve  more  or  less  the  next  time  it  is  passed 
through  the  rolls;  and  any  attempt  to  straighten  it  afterwards  is 
generally  useless. 

Under  any  circumstances  the  action  of  the  vertical  rolls  is  to  a 
certain  degree  objectionable.  The  pressure,  however  slight,  has  a 
tendency  to  open  the  edge ;  and  the  thickening,  which  it  is  always 
difficult  to  avoid  entirely,  is  for  many  purposes  a  serious  drawback ; 
for  instance,  where  a  number  of  plates  of  uniform  width  are  placed 
in  juxtaposition,  as  in  the  flange  of  a  large  girder. 

The  difficulty  of  keeping  the  plates  straight,  and  the  impracticability 
of  afterwards  straightening  them,  as  already  mentioned,  will  always  be 
an  objection  of  greater  or  less  importance  to  the  general  adoption 
of  the  Belgian  mill.     To  these  may  be  added  its  great  expense,  as 
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well  in  first  cost  as  in  maintenance.  Perhaps  however  the  most 
important  point  in  its  disfavour,  especially  for  rolling  steel,  is  the 
limit  to  the  width  of  plate  that  can  bo  produced  by  it.  If  the 
horizontal  rolls  are  6  ft.  6  in.  long,  and  the  verticals  2  ft.  in 
diameter,  2  ft.  G  in.  would  be  the  limiting  width  of  plate  for  such 
a  mill ;  since  the  vertical  rolls  when  opened  to  such  an  extent 
come  in  contact  with  the  standards.  This  was  the  limit  at  the 
Britannia  Works;  and  plates  were  rolled  there  32  ft.  long,  by 
2  ft.  6  in.  wide,  by  -}  in.  thick,  with  perfectly  sound  and  straight 
edges.  No  greater  difficulty  seems  to  attend  the  manufacture  of 
wide  than  that  of  narrow  i)lates,  except  a  tendency  to  buckle  when 
the  plate  is  very  wide  and  thin. 

In  the  plan,  Fig.  2,  Plate  4,  are  shown  housings  or  standards 
made  of  a  form  which  permits  the  vertical  rolls  to  separate  so  far, 
that  a  plate  with  close  straight  edges  could  be  rolled  almost  as  wide 
as  the  length  of  the  horizontal  rolls.  But  it  is  clear  that  such  an 
arrangement  would  still  further  compromise  that  simplicity  which  it 
is  so  desirable  to  maintain  in  machinery  of  this  kind ;  besides 
which,  the  guides  carrying  the  vertical  rolls,  owing  to  their  increased 
length,  would  have  to  be  of  extremely  massive  proportions ;  as 
indeed  would  every  part  of  such  a  mill. 

The  tendency  already  mentioned  in  wide  thin  plates,  to  buckle,  or 
bend  up,  between  the  vertical  rolls,  would  require  to  be  obviated, 
in  plates  much  over  2  ft.  wide,  by  some  special  contrivance.  This  has 
not  yet  been  worked  out,  so  far  as  the  writer  is  aware ;  and,  although 
it  is  obvious  that  such  an  appliance  could  be  devised,  this 
complication  would  add  very  materially  to  the  objections  which 
abeady  exist. 

The  advantages  of  the  Belgian  mill  may  thus  be  said  to  be  confined 
to  large  establishments,  where  more  than  one  plate  mill  is  in  constant 
operation,  and  where  plates  under  about  2  ft.  6  in.  in  width  may 
always  be  selected  from  the  orders  in  hand,  in  quantity  sufficient 
for  one  mill.  Under  such  circumstances  a  very  considerable  saving 
may  be  effected.  Whether  or  not  the  plan  could  be  profitably  applied 
to  all  classes  of  work,  is  a  problem  which  could  be  solved  only  at 
very  considerable  expense. 
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lu  Fig.  3,  Plate  5,  is  shown  the  general  construction  of  a  Sliding 
Roll  mill,  designed  to  accomplish  the  same  object  as  the  Belgian 
mill,  without  being  open  to  any  of  the  more  serious  objections  against 
the  use  of  the  latter.  The  construction  of  this  mill  may  be  thus 
described.  The  ordinary  rolls  of  a  plate  mill  are  removed,  and  in 
the  same  standards  a  pair  are  substituted  of  the  form  shown  in  the 
drawing.  It  will  be  seen  that  the  top  roll  A  and  the  bottom  roll  B 
are  nearly  alike  in  form :  and  that  a  collar  D  is  placed  on  the  top 
roll  A,  and  a  collar  C  on  the  bottom  roll  B.  These  collars  are  not 
cast  solid  on  the  rolls,  but  are  capable  of  sliding  along  them  ;  being 
held  however  in  one  position  longitudinally,  as  regards  the  other 
roll,  by  corresponding  grooves. 

Applied  to  the  end  of  the  top  roll  A  is  a  powerful  screw  E,  which 
takes  its  thrust  from  the  top  chock  F,  and  consequently  rises  or  falls 
as  the  top  roll  is  adjusted  in  height.  By  working  this  screw 
a  longitudinal  traverse  is  given  to  the  top  roll  A,  its  necks  being 
of  such  a  form  as  to  allow  of  this  motion ;  whilst  the  bottom  roll  B 
remains  firmly  fixed  endways  between  the  standards.  The  end 
motion  of  the  top  roll  A  carries  with  it  the  bottom  collar  C,  whilst 
the  top  collar  D  remains  stationary ;  and  by  this  means  the  distance 
apart  of  the  two  collars  is  adjusted  ad  libitum,  being  limited  only 
by  the  travel  allowed  to  the  top  roll  A  in  the  direction  of  its  length. 

In  Fig.  4  is  shown  the  form  of  box  and  spindle  which  has  been 
adopted,  and  which  has  been  found  to  present  no  inconvenience.  The 
rolls  are  adjusted  vertically  in  the  usual  way,  but  clearly  they  must 
not  be  allowed  to  open  so  far  apart  as  to  draw  the  collars  out  of  the 
grooves. 

As  this  system  of  rolling  is  applicable  to  every  stage  of  the 
process — forge  rolling,  blooming,  roughing  down,  and  finishing — and 
to  steel  from  the  ingot  as  well  as  to  iron  from  the  pile,  it  will  be 
necessary  to  describe  it  in  connection  with  each  of  these  separately, 
as  it  will  be  found  that  there  are  certain  points  in  each  requiring 
special  consideration. 

Firstly,  as  to  Forge  rolling  (Fig.  3,  Plate  5).  It  is  at  all  times 
inconvenient  to  use  very  wide  piles,  owing  to  their  not  heating 
uniformly,  and  on  account  of  the  space  and  height  required  in  the 
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furnace,  to  allow  of  their  being  turned :  hcnco  it  will  probably  be 
found  that  rolls  arranged  to  roll  puddled  bars  varying  in  width 
from  12  to  24  in.  will  meet  all  requirements.  The  collars  and 
grooves  would  have  to  be  of  such  a  size  as  to  allow  of  a  vertical 
adjustment  of  about  5  in.  Such  a  mill  would  be  an  extremely 
simple  affair,  and  need  not  be  further  described ;  but  its  use  would 
be  attended  with  great  advantage  in  connection  with  all  plate  mills, 
whether  the  puddled  bars  were  to  be  afterwards  used  in  mills  of  the 
same  construction  or  not.  The  same  may  be  said  as  regards  mills 
rolling  large  sections  of  bar  iron,  since  the  same  pair  of  rolls  would 
produce  bars  of  any  width  within  the  length  of  the  rolls,  obviating 
the  necessity  for  frequent  change  of  rolls. 

Secondly,  with  regard  to  Blooming  (Figs.  5  and  6,  Plate  6). 
In  some  mills  this  operation  could  be  advantageously  combined 
with  roughing  down,  and  both  operations  done  in  the  same  rolls, 
the  latter  process  being  in  fact  but  a  continuation  of  the  former. 
Where  large  plates  were  made  however,  this  would  be  found 
impracticable,  as  sufficient  vertical  adjustment  in  the  top  roll  could 
not  be  obtained  in  one  pair  of  rolls  without  cutting  very  deep 
grooves,  and  so  leaving  the  rolls  dangerously  weak.  It  is  therefore 
necessary  to  have  blooming  rolls  with  a  vertical  adjustment,  in 
ordinary  mills,  of  about  5  in. ;  so  that,  taking  a  pile  12  in.  deep, 
they  would  squeeze  it  down  at  once  to  10  in.,  and  then  by  successive 
adjustments  of  the  rolls  to  a  minimum  thickness  of  7  in.,  at  which 
the  roughing  rolls  are  calculated  to  deal  with  it. 

Thirdly,  as  to  Koughing  down  (Figs.  7  and  8,  Plate  6).  This  as 
already  stated  is  simply  a  continuation  of  the  blooming  process.  It 
must  be  remarked  however  that  provision  has  only  been  made  for 
puddled  bars  up  to  2  ft.  wide,  and  perhaps  even  this  is  somewhat  in 
excess  of  what  could  be  used,  with  due  regard  to  economy  of  height 
and  space  in  the  heating  furnace:  hence  all  plates  above  this 
width  would  have  to  be  rolled  with  their  length  in  the  direction 
of  the  width  of  the  pile.  There  is  no  objection  whatever  to  this, 
and  it  is  frequently  practised  for  convenience'  sake  in  ordinary 
plate  rolling.  In  these  cases  the  length  of  the  pile  would  correspond, 
as  nearly  as  may  be,  with  the  width  of  the  plate. 
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Fourthly,  as  to  Finishing  rolls.  These  are  generally  similar  to 
the  above,  but  are  made  with  still  smaller  collars  than  the  roughing- 
dowu  rolls,  the  adjustment  necessary  being  extremely  limited,  say 
from  1  in.  to  J  in.  It  will  be  seen  that  it  is  impracticable  to  provide 
for  more  than  a  limited  length  of  travel  for  the  top  roll  in  any  case, 
but  more  especially  is  this  true  of  the  finishing  rolls,  where  the 
pressure  in  rolling  is  greatest  ;  otherwise  the  rolls  would  become 
dangerously  small  in  diameter  in  proportion  to  their  length.  In 
practice  it  will  probably  be  found  that  a  travel  of  about  2  ft.  will 
be  as  much  as  is  convenient.  So  that  beginning  at  12  in.  width,  one 
pair  of  rolls  would  finish  up  to  3  ft.  and  all  intermediate  widths. 
Another  pair  would  begin  at  3  ft.,  and  with  a  travel  of  2  ft.  would 
finish  up  to  5  ft.,  covering  all  intermediate  widths.  Where  two  mills 
were  in  constant  operation,  the  one  could  be  kept  on  the  narrower 
and  the  other  on  the  wider  plates ;  but  where  only  one  was  in  use, 
the  rolls  would  have  to  be  changed  occasionally,  probably  not  more 
frequently  than  once  a  week. 

The  relative  merits  of  this  system  of  rolling  as  compared  with 
those  of  the  Belgian  mill  may  be  briefly  noticed.  It  will  at  once  be 
remarked  that  no  real  side  compression  can  be  given  to  the  pile  when 
rolled  in  this  way.  In  practice  however  this  cannot  be  effected  even 
with  the  vertical  rolls  in  ihe  Belgian  mill ;  nor  is  such  compression 
necessary  or  desirable,  as  the  pressure  of  the  main  rolls  is  quite 
sufficient  to  squeeze  the  piece  out  laterally  to  such  an  extent  as  to 
make  it  fill  the  space  between  the  collars  in  the  one  case,  and 
between  the  vertical  rolls  in  the  other,  and  so  form  a  close  sound 
edge.  But  whilst  in  the  Belgian  mill  the  plate  is  subjected  first  to 
vertical  pressure  by  the  main  rolls,  and  afterwards  to  lateral  pressure 
by  the  vertical  rolls,  in  the  sliding-roll  mill  the  lateral  and  vertical 
pressures  are  simultaneous ;  and  consequently  no  thickening  of  the 
edges  or  other  similar  imperfection  is  possible. 

In  the  Belgian  mill  the  pile  must  invariably  be  put  into  the  rolls 
endwise,  because  its  width  would  be  too  little  to  bridge  the  distance 
between  the  horizontal  and  the  vertical  rolls  ;  so  that  every  pile 
must  be  made  as  wide  as  the  plate  to  be  rolled  from  it.     This  is  a 
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groat  difficulty  wLcn  tlio  plato  is  over  18  in.  wide,  and,  so  far  as  the 
writer  is  aware,  has  yet  to  be  overcome. 

The  colhircd  roll  is  also  much  more  readily  adjusted  to  width  than 
are  the  vertical  rolls  of  the  Belgian  mill.  In  the  latter  case  not  only 
the  vertical  rolls  themselves,  but  also  the  plate-guides,  both  before 
and  behind  the  main  rolls,  have  to  be  adjusted  with  the  greatest 
nicety.  This  causes  considerable  loss  of  time  and  waste  of  fuel  and 
material,  as  after  every  re-adjustment  one  or  two  experimental  plates 
have  to  be  rolled  to  test  its  accuracy. 

The  difference  between  the  two  mills  in  point  of  first  cost  need 
hardly  be  pointed  out.  The  sliding-roll  mill  does  not  greatly 
exceed,  either  in  first  cost  or  working  expenses,  a  mill  constructed 
on  the  present  model;  whilst  a  Belgian  mill  would  cost  about 
twice  as  much. 

Lastly,  the  rolling  of  steel  plates  by  means  of  the  machinery 
described  will  obviously  present  no  difficulties.  This  point  has 
already  been  alluded  to  ;  but  inasmuch  as  rolling  iron  from  a  pile  is 
a  mxLch.  more  complex  operation  than  rolling  steel  from  a  solid  ingot, 
the  former  process  has  received  for  the  present  the  most  attention, 
more  perhajDS  than  its  declining  importance  deservCiS.  Steel  plates  must 
sooner  or  later  be  used,  to  the  very  general  exclusion  of  the  inferior 
material ;  and  it  is  confidently  believed  that  the  adoption  of  the 
process  described  would  go  far  to  lessen  the  great  difference  at 
present  existing  between  the  cost  of  making  steel  plates  and  the 
higher  cost  of  making  iron  plates  of  equal  weight. 
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Discussion. 

The  President  was  sorry  to  say  that  Mr.  Hutchinson  was  ill 
and  was  therefore  not  able  to  be  present;  but  it  had  been  found 
impossible  to  postpone  the  paper  any  further,  as  it  had  already  been 
postponed  from  a  previous  meeting. 

Mr.  Jeremiah  Head  said  that  the  author  of  the  paper  was  well 
known  in  the  North  of  England  as  a  very  ingenious  and  sound 
mechanic,  and  of  great  experience  in  rolling-mill  machinery ;  therefore 
anything  that  came  from  him  deserved  their  very  closest  attention. 
It  had  often  puzzled  himself  how  it  was  that  no  English  manufacturer 
seemed  to  be  able  to  compete  with  the  Belgians  in  what  were  called 
"  broad  flats,"  or  even  to  make  them  at  all.  A  large  number  of 
those  broad  flats,  or  plates,  up  to  40  ft.  in  length  and  20  in.  in  width, 
had  come  into  the  London  market,  and  had  been  used  principally  in 
making  builders'  girders.  There  was  no  English  manufacturer,  he 
believed,  who  had  even  attempted  to  make  them,  except  the  Skerne 
Iron  Co.,  when  Mr.  Hutchinson  was  their  managing  director.  It 
was  quite  obvious  that  there  must  be  a  great  saving  in  rolling  these 
strips  as  bars,  instead  of  as  plates ;  and  it  became  a  question  why 
English  manufacturers  did  not  adopt  the  Belgian  method.  Some  of 
the  reasons  for  this  Mr.  Hutchinson  had  pointed  out  in  his  paper : 
for  instance,  the  specifications  were  generally  for  comparatively 
small  quantities  to  each  different  width,  so  that  they  required 
frequent  changes  of  rolls,  and  thus  the  cost  was  enhanced ;  and 
again  there  was  a  great  tendency  to  thickened  edges  in  plates  so 
rolled.  The  long  strips  used  to  make  up  the  top  or  bottom  member 
of  a  girder  were  generally  required  to  be  placed  one  over  another ; 
and  it  was  obviously  a  great  disadvantage  if  there  was  any  thickening 
at  the  edges,  because,  when  several  thicknesses  were  riveted  together, 
the  rivets  were  apt  to  squeeze  into  the  spaces  between  the  plates. 
Again,  a  large  number  of  wasters  might  easily  be  produced  in 
rolling  such  plates,  owing  to  their  tendency  to  curve  sideways,  and  to 
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tlio  extreme  difficulty  of  straightening  them  afterwards.  It  was  not 
known  perhaps  to  every  one  that,  in  rolling  broad  and  thin  sections, 
the  extension  of  the  iron  all  took  place  in  the  direction  of  the 
rolling,  the  grip  of  the  two  rolls  upon  the  surface  almost  entirely 
preventiug  any  extension  sideways.  It  was  therefore  clear  that  a 
pile  of  iroD,  wlien  put  into  the  rolls,  must  be  about  the  same  width 
as  the  broad  flat  intended  to  be  produced ;  therefore  a  large  number 
of  piles  of  different  widths  must  be  made  to  suit  the  different 
specifications.  The  Belgians  had  overcome  that  difficulty  by  having 
a  succession  of  widths  of  puddle-bars,  as  detailed  in  the  paper ;  but 
this  involved  side-welds  at  the  top  and  bottom,  which  were  very 
objectionable,  tending  to  produce  what  was  known  as  "  reediuess,"  or 
a  tendency  to  split  longitudinally  into  shreds  like  a  reed.  He 
remembered  not  long  since  seeing  some  Belgian  girders  on  a  trolly 
in  London,  riveted  up  and  ready  for  the  builders,  on  which  he  could 
trace  incipient  cracks  lengthways  in  several  places.  No  doubt  those 
cracks  would  be  hidden  in  the  walls  where  the  girders  rested,  and 
therefore  would  not  be  of  much  consequence  to  the  builders ;  but  for 
anything  like  bridge  work  such  defects  would  be  quite  inadmissible. 

A  system  had  been  devised  by  Mr.  Hutchinson,  which  was 
intended  to  supersede  the  Belgian  mill  in  rolling  these  broad  flats  ; 
and  he  thought  it  was  a  decided  improvement.  If  the  flats  were 
rolled  as  bars,  it  was  much  better  that  they  should  be  squeezed 
against  collars,  than  between  a  pair  of  rolls  tending  to  thicken  the 
edges.  If  broad  flats  were  to  be  made  at  all  in  the  Belgian  way,  it 
was  a  manifest  advantage  to  make  the  puddled  bars  of  the  finished 
width,  to  form  the  top  and  bottom  of  the  piles,  and  not  to  build  these 
Tip,  as  the  Belgians  did.  Mr.  Hutchinson  tlierefore  wisely  decided  to 
have  his  blooming  mill  and  also  his  puddle-bar  mill  adjustable,  in 
order  to  make  tops  and  bottoms  of  the  same  width  as  the  finishing 
miU ;  and  he  himself  did  not  see  why  the  principle  should  not  be 
extended  to  the  making  of  puddle-bars  or  the  blooming  of  piles 
generally,  whether  they  w^re  to  be  used  afterwards  in  a  similar  mill, 
or  in  an  ordinary  plate-mill. 

But  Mr.  Hutchinson  would  go  further  than  that :  he  would  make 
his  plate  mills  altogether  of  the  new  design,  to  roll  plates  from 
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2  ft.  6  in.  to  5  ft.  wide.  There  he  himself  could  hardly  follow  him. 
Most  plates  that  were  broader  than  1  ft.  wide  were  intended  to  have 
rows  of  rivets  along  the  edges.  Now  it  was  of  vital  importance  that 
along  a  row  of  rivets  the  iron  should  not  be  "  reedy,"  and  therefore 
should  not  in  its  manufacture  have  been  always  spread  in  one 
direction  only.  In  an  ordinary  plate-mill  the  plate  was  not  extended 
always  in  one  direction;  the  pile  was  generally  put  through  sideways 
until  it  was  rolled  out  to  the  full  width,  and  then  it  was  turned 
at  right  angles,  and  rolled  out  to  the  required  length.  Also  in 
entering  the  hot  slab,  the  men  found  it  easier  to  themselves  to  work 
forward  one  corner  till  the  rolls  caught  it,  and  next  time  to  advance 
the  opposite  corner.  In  that  way  the  grain  of  the  iron  in  the 
finished  plate  was  continually  being  varied  in  direction ;  it  became 
eventually  more  or  less  crossed  or  interlaced.  The  result  was  that 
a  seam  of  rivets  was  never  in  the  exact  line  in  which  the  grain  of 
the  iron  ran.  He  thought  that  was  a  very  important  point,  especially 
in  boiler  plates,  where  seam  rips  were  produced  more  easily  if  the 
iron  was  in  any  sense  reedy.  But  if  all  plates  were  made  by  the 
system  described  in  the  paper,  he  feared  there  would  be  a  great 
tendency  to  reediness. 

Again,  if  plates  were  to  be  made  on  that  system  of  all  widths, 
the  mill  would  be  a  very  cumbrous  one.  It  would  consist  of  a 
blooming  mill,  of  two  pairs  of  pinions  for  conveying  the  motion  to 
the  top  rolls,  and  (if  it  went  to  6  ft.  or  6  ft.  6  in.  widths)  of  three 
sets  of  finishing  rolls.  No  doubt  in  small  mills  rolling  bar  iron 
there  might  be  several  sets  of  rolls  without  inconvenience ;  but  with 
ponderous  plate-rolls  it  was  desirable  that  there  should  not  be  too 
many  attached  to  one  mill. 

It  was  very  curious  to  notice  the  effect  of  rolling  on  the  tenacity 
of  iron,  and  also  on  its  elasticity  in  bending.  It  was  well  known  that 
the  tensile  strength  of  good  iron  plates  was  something  like  22  tons 
per  sq.  in.  in  the  direction  of  the  grain,  and  only  18  tons  across.  He 
had  heard  it  stated  that  in  steel  plates  the  difference  did  not  exist ; 
but  from  the  experiments  he  had  made  he  believed  it  did  exist,  though 
not  to  the  same  extent.  Iron  was  not  only  stronger  along  the  grain, 
but  it  would  bend  round  to  a  much  greater  angle,  both  cold  and  hot, 
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than  it  would  across  the  grain.  As  far  as  lie  had  experimented,  ho 
had  found  that  mild  steel  plates  also  bent  rather  better  in  the 
direction  of  the  grain  than  they  did  across  it.  It  was  curious  that 
extending  the  iron  should  at  the  same  time  increase  its  tenacity. 
He  could  only  account  for  it  on  the  supposition  that  the  molecules  of 
iron  were  thereby  forced  into  closer  contact  one  with  another,  so  that 
they  came  more  completely  within  the  range  of  attraction  of 
cohesion. 

He  was  inclined  to  agree  with  Mr.  Hutchinson  that  there  was  a 
better  chance  of  using  his  method  for  wide  steel  plates  than  for  iron  ; 
because  the  steel  plates  were  made  either  from  ingots,  which  were  cast 
pretty  square,  or  from  blooms  made  from  ingots,  which  were 
hammered  square  beforehand ;  therefore  there  was  a  better  chance  of 
a  good  edge  to  start  with.  He  might  also  add  that  reediness  was  a 
liability  attaching  rather  to  iron  plates,  when  badly  manufactured, 
than  to  steel  plates,  which,  if  not  good,  were  untrustworthy  in  other 
ways.  Mr.  Hutchinson  based  his  claim  for  saving  in  great  part  on  the 
avoidance  of  the  scrap  produced  by  shearing  plates  ;  but  it  must 
be  borne  in  mind  that  iron  plates  could  not  be  made  without  some 
scrap.  If,  by  the  adoption  of  Mr.  Hutchinson's  method,  there  were 
little  or  no  scrap  produced  in  plate  mills,  he  did  not  know  how 
the  higher  qualities  of  plate  iron  would  be  made  at  all.  The  scrap 
obtained  from  shearing  plates  was  put  into  the  pile,  and,  being 
double  worked,  it  was  very  useful,  especially  for  producing  the 
higher  qualities.  The  paper  however  was  a  very  valuable  one,  and 
not  the  least  of  its  merits  was  the  extreme  clearness  with  which  Mr. 
Hutchinson  had  expressed  his  views. 

Mr.  F.  W.  Webb  would  confine  his  remarks  to  the  rolling  of 
steel.  Up  to  the  present  time  all  steel  ingots  were  found  to  be 
honeycombed  to  a  greater  or  less  extent,  especially  on  the  outside, 
and  especially  if  cast  in  iron  moulds.  Now  in  rolling  steel  plates 
for  boiler  purposes  he  had  always  endeavoured  to  make  the  ingots  of 
such  a  size — not  less  than  2  ft.  square — as  that,  when  the  ingot  had 
been  compressed  and  rolled  into  a  plate,  the  cells  on  the  two  faces 
might  be  flattened  out  to  mere  thicknesses  of  paper,  while  those  on 
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the  edges  were  cut  away  in  the  scrap.  If  lie  were  to  edge  tlie  ingot 
by  putting  it  into  a  pair  of  Mr.  Hutchinson's  blooming  rolls,  he 
should  experience  the  difficulty  that  the  honeycombs  on  the  two  edges 
would  be  merely  closed  up,  but  not  disposed  of.  In  making  large 
plates  he  always  made  it  a  practice  to  hammer  the  ingot  on  the  two 
faces  only,  and  let  all  the  little  cells  on  the  edges  develop  themselves 
and  burst  open,  so  that  they  could  not  by  any  means  be  rolled  into 
the  body  of  the  plate.  To  the  adoption  of  that  course  he  believed 
was  due  a  great  deal  of  the  success  of  the  steel  plates  made  at  Crewe, 
and  the  good  results  they  were  giving  in  wear.  Plates  made  in  that 
way  for  one  of  the  company's  ships,  the  Isabella, — which  was  now 
just  out  of  the  graving  dock,  after  being  at  sea  for  twelve  months — 
did  not  show  any  of  the  defects,  or  the  pitting,  said  to  have  been 
experienced  by  some  persons  in  the  use  of  steel  plates. 

There  were  one  or  two  points  to  be  noticed  in  the  author's  system. 
Every  time  the  collared  rolls  were  turned  down,  new  collars  must  be 
put  on,  or  else  a  series  of  collars  must  be  kept  of  different  diameters, 
to  fit  the  rolls  each  time  they  were  turned  down.  Again,  in  rolling 
finished  plates,  supposing  there  was  a  large  order  of  one  width,  they 
would  be  likely  to  wear  the  rolls  down,  so  as  to  make  it  necessary  for 
these  to  be  turned  before  they  could  make  good  work  of  another 
width.  He  should  also  like  to  know  whether  the  author  had  had 
any  experience  as  to  unequal  heating  with  these  rolls.  It  was  known 
that,  if  a  roller  liked,  he  could  break  his  roll  at  any  time,  by  heating 
it  up  unequally ;  and  he  was  afraid  lest  some  difficulty  on  that  score 
might  develop  itself  with  these  collared  rolls. 

Mr.  Daniel  Adamson  looked  at  the  mill,  from  a  mechanical  point 
of  view,  as  possessing  many  excellences  ;  but  he  agreed  with  Mr.  Head 
that  it  was  much  better  adapted  to  rolling  steel  plates  than  iron  plates. 
Iron  plates,  filled  as  they  were  with  a  considerable  amount  of  cinder, 
could  not  be  rolled  without  leaving  rough  and  serrated  edges ;  and 
if  these  were  closed  up  by  the  side  action  of  the  collars,  the  strength 
in  a  lateral  direction  would  be  far  inferior  to  what  it  ought  to  be. 
Iron  that  contained  a  large  amount  of  cinder  lost  its  transverse 
strength  nearly  in  proportion  to  the  square  of  the  percentage  of  cinder 
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contained.  Thus  iron  like  Low  Moor,  which  only  contained  about  1 J  per 
cent,  of  cinder,  must  necessarily  have  a  far  higher  transverse  strength 
than  the  common  iron,  such  as  was  known  in  the  trade  as  ship  plates 
or  bridge  iron,  containing  not  less  than  3  J  or  4  per  cent,  of  cinder  in 
weight ;  and  it  should  be  borne  in  mind  that  the  specific  gravity  of 
the  metal  was  three  times  that  of  the  cinder,  so  that  the  bulk  of  the 
latter  would  be  10  or  12  per  cent.  When  iron  was  used  for  structural 
purposes,  whether  for  ships,  boilers,  or  bridges,  its  ultimate  strength 
might  be  seriously  affected  by  the  question  whether  there  was  more 
or  less  cinder  at  a  given  point.  If  there  happened  to  be  a  patch  of 
cinder,  which  had  been  drawn  out  in  rolling,  so  that  there  was  a 
streak  of  cinder  in  a  longitudinal  direction,  this  might  easily  take 
away  half  the  strength  of  the  plate,  when  strained  in  a  lateral  direction, 
at  a  given  point.  So  that  the  subject  was  not  a  mechanical  one  only, 
but  should  be  looked  at  from  every  point  of  view,  so  as  to  know 
exactly  what  the  material  was  composed  of.  He  was  inclined  to  think 
that  a  plate  containing  3  J  per  cent,  of  cinder  lost  at  least  15  per  cent, 
of  its  strength  in  a  lateral  direction,  while  a  plate  containing  only  1 J 
per  cent,  of  cinder  did  not  lose  more  than  4  or  5  per  cent. ;  it  must 
therefore  be  evident  that  there  was  no  dependence  to  be  placed  on  a 
mere  mechanical  view  of  the  subject.  It  must  thus  be  clear  that 
it  would  not  answer  to  apply  this  system  to  iron  containing  much 
cinder,  and  intended  for  bridge  purposes  ;  because  they  had  just  now 
clear  evidence  that  not  only  was  longitudinal  strength  wanted,  but 
strength  in  the  transverse  direction  also,  to  prevent  the  occurrence  of 
catastrophes  such  as  had  lately  occurred.  The  proper  application 
of  the  system  would  be  to  roll  only  the  best  iron,  from  which  the 
cinder  had  been  previously  expelled. 

With  regard  to  steel,  if  this  was  serrated  at  the  edge,  or  foliated, 
on  account  of  the  small  blow  holes  at  the  surface,  produced  by 
surface  porosities,  it  would  be  a  mistake  to  treat  it  as  Mr.  Hutchinson 
proposed  ;  but  when  large  quantities  of  mild  steel  plates  were  rolled, 
they  were  usually  found  to  come  out  with  a  rounded,  clear,  smooth 
edge,  not  indicating  any  of  the  characteristics  of  the  mixed  compound 
called  plate  iron,  or  even  of  the  harder  metal  called  tool  or  hard  cast 
steel.      This  latter  was  much  harder  than  the  ordinary  ingot  steel,  and 
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when  rolled  had  much  the  same  serrated  ai)pcarance  on  the  edges  as 
plate  ii'on.  He  could  not  at  all  agree  with  Mr.  Head  that  with  steel 
plates  there  was  any  material  diflference  in  the  power  of  endurance, 
when  tested  longitudinally  and  transversely.  In  a  vast  number  of 
such  experiments,  which  he  had  conducted,  he  had  not  found  a  greater 
variation  than  2  per  cent,  in  either  direction ;  and  it  had  as  often 
been  in  favour  of  the  transverse  as  of  the  longitudinal  direction.  As 
to  bending,  he  had  bent  at  least  50,000  specimens  in  a  transverse 
direction,  with  at  least  as  satisfactory  results  as  he  had  ever  obtained 
by  bending  in  a  longitudinal  direction. 

The  President  asked  if  Mr.  Adamson  had  ever  made  a  chemical 
analysis  of  the  shearings  from  the  edges  of  plate,  to  see  if  they 
contained  more  cinder  than  the  body  of  the  plate. 

Mr.  Adamson  said  he  had  only  referred  at  present  to  iron  and 
steel  from  a  mechanical  point  of  view.  If  an  iron  plate  had  a  f-in. 
hole  drilled  or  punched  close  to  the  edge  and  then  drifted  out,  it 
would  only  stretch,  as  a  rule,  about  y^g-  in.  in  diameter.  A  f-in.  hole 
drilled  in  the  same  position  in  a  mild  steel  plate  would  drift  out  to 
80  per  cent,  increase  of  diameter.  But  when  a  washer  was  cut  out 
from  the  iron  plate  and  annealed,  then,  instead  of  stretching  j\  in. 
only,  it  would  stretch  y%-  in.  or  ^  in.  He  attributed  that  to  the  strip 
between  the  hole  and  the  edge  of  the  plate  having  a  tendency  to 
split  away  from  the  rest,  as  the  drift  enlarged  the  hole.  In  the 
longitudinal  direction  the  atoms,  in  the  process  of  rolling,  became 
interlocked,  as  he  would  explain  it  in  preference  to  the  explanation 
given  by  Mr.  Head.  But  by  the  same  longitudinal  extension  there 
was  often  laid  down  alongside  the  atoms,  when  the  iron  was  dirty, 
a  corresponding  streak  of  cinder,  which  had  a  tendency  to  make  the 
strip  split  out  with  very  great  facility ;  and  hence  the  occasional 
treacherousness  of  moderately  good  iron — good,  that  is,  in  its 
natural  composition,  but  bad  in  its  manufacture.  The  results,  when 
such  plates  Avere  used  for  steam  boilers,  were  seam  rents  in  the 
direction  in  which  the  plates  had  been  rolled. 


08  PLATE   ROLLING   MACHINERY.  Jan.  1880. 

lie  tlioiiglit  it  was  a  great  misfortune  that  there  was  not  more 
evidence  before  engineers  as  to  the  strength  of  an  ordinary  flat  rolled 
Lar  taken  transversely,  compared  with  its  strength  taken  longitudinally. 
There  was  a  fair  amount  of  evidence  as  to  plates  in  ordinary  use ; 
but  for  bridge  purposes,  where  transverse  and  lateral  strength  was 
required  in  flat  bars,  there  was,  in  his  opinion,  no  practical 
evidence  as  to  their  lateral  power  of  resistance.  He  had  no 
hesitation  in  saying  that  iron  might  lose  two-thirds  of  its  strength 
in  the  transverse  direction,  through  the  interposition  of  a  non- 
metallic  component ;  and  if  so,  it  was  obvious  how  dangerous  it  was 
to  depend  much  upon  a  flat  bar  when  strained  in  a  transverse 
direction. 

The  President  said  that  the  occurrence  of  cracks  in  Belgian  iron 
lengthways,  owing  to  the  want  of  perfect  welding  between  the  several 
bars  of  the  pile,  was  a  circumstance  noticed  before,  by  himself  and  by 
others.  One  point  to  be  considered  about  the  system  in  question 
was,  whether  the  iron  would  keep  out  of  the  grooves  and  collars,  or 
would  get  into  them,  when  they  were  worn  a  little  ;  but  the  practical 
experience  of  Mr.  Hutchinson  would  no  doubt  put  that  matter  to 
rest. 

With  regard  to  what  Mr.  Head  had  said  about  the  interlacing  or 
interlocking  of  the  fibres  in  rolled  iron,  it  seemed  to  him  that,  when 
iron  first  came  to  nature  in  the  furnace,  it  was  all  in  little  pieces,  so 
to  speak.  These  little  pieces  were  more  or  less  perfectly  welded 
together  in  the  rolling ;  but  each  particular  piece  was  elongated  to 
very  many  times  its  original  length,  and  so  became  a  thread  or  fibre. 
Those  fibres  lying  alongside  of  one  another,  and  more  or  less  perfectly 
welded,  produced  toughness  in  the  longitudinal  direction  of  the 
plate,  but  only  in  that  direction,  if  it  were  continued  to  be  rolled 
lengthways.  Hence  the  necessity  of  handing  the  plate  round,  and 
rolling  it  sideways,  or  cornerways,  as  well  as  lengthways.  That 
advantage  would,  he  thought,  be  very  much  lost  in  rolling  large 
plates  on  the  plan  described,  unless  they  were  first  rolled  crossways 
to  get  the  width ;  but  so  long  as  the  metal  was  good  enough  and 
clean  enough,  a  raw   edge   w^ould   not   be   made.     The   collars,   he 
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thought,  were  sufficient  to  keep  the  metal  together,  the  same  as  in 
rolling  ordinary  narrow  bars ;  but  all  engineers  knew  that  wide 
plates  had  a  great  tendency  to  form  ragged  edges,  and  the  natural 
feeling  was  that  it  would  be  better  to  cut  those  ofif.  He  begged  to 
propose  a  vote  of  thanks  to  Mr.  Hutchinson  for  his  paper,  which 
was  very  clearly  written,  and  very  well  illustrated  by  drawings. 
The  vote  of  thanks  was  passed. 


The  following  paper  was  then  read  :- 
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IS  AUTO:\rATIC  ACTION  NECESSARY  OK  DESTEABLE 
IN  A  CONTINUOUS  EAILWAY  BRAKE  ? 


By  Mr.  T.  HUERY  RICHES,  of  Cardiff. 


In  bringing  the  above  problem  before  the  members  of  tbis 
Institution,  the  writer  is  actuated  only  by  a  desire  to  see  the  subject 
thoroughly  discussed,  as  being  one  which  deserves  the  careful 
consideration  of  the  Board  of  Trade,  the  railway  companies,  and 
the  general  public,  before  any  definite  instructions  are  issued  by  the 
Board  of  Trade  upon  the  momentous  question  of  the  Continuous 
Railway  Brake  to  be  finally  adopted  throughout  the  kingdom.  In 
the  first  place  it  appears  necessary  to  point  out  that  there  exists  a 
difference  between  the  ideal  automatic  brake,  as  conceived  and 
understood  by  the  public,  and  the  actual  automatic  brake  found  in 
regular  use  upon  a  few  of  the  railways  of  this  and  other  countries. 
The  former,  as  all  know,  should  anything  go  wrong  with  any  of  its 
many  vital  parts,  indicates  the  fact  with  certainty,  or  else  at  once 
applies  itself  to  the  wheels :  whilst  the  latter  has  a  very  heavy  list 
recorded  against  it  of  failures  to  fulfil  either  of  these  desirable 
objects;  and  in  addition  shows  a  very  large  number  of  instances 
where  the  brake  was  rendered  entirely  useless  for  the  remainder  of 
the  journey  (frequently  a  long  one)  owing  to  its  getting  out  of  repair. 
As  more  detailed  particulars  are  furnished  further  on  regarding  these 
different  classes  of  failures,  the  writer  refrains  from  dealing  with 
them  here.  He  will  now  define  what  appear  to  him  to  be  the 
essential  points  upon  which  to  base  the  opinion,  whether  or  not  any 
of  the  known  automatic  brakes  are  sufficiently  reliable  to  justify 
their  adoption  in  preference  to  non-automatic  brakes.  These  points 
are  as  follows. 


Jan.  1880.  AUTOMATIC    ACTION    IN    BRAKES.  101 

(I.)  A  comparison  should  be  made  between  the  number  of 
recorded  accidents  in  which  automatic  action  has  either  prevented  or 
mitigated  disaster,  or  else  which  might  have  been  beneficially  affected 
if  automatic  brakes  had  been  fitted  to  the  trains,  and  the  number  of 
accidents  and  failures  which  are  recorded  as  caused  by  defects  in 
parts  necessary  to  make  the  brake  automatic.  The  greater  number 
of  these  latter  mishaps  have  rendered  the  brake  useless  until  the 
train  could  be  taken  to  the  repairing  shed ;  hence  in  many  cases  the 
trains  had  to  be  run  for  the  remainder  of  the  day  without  a 
continuous  brake  available  to  meet  emergencies. 

(II.)  As  the  danger  of  trains  separating  has  been  held  to  be  one  of 
the  most  pressing  reasons  for  requiring  automatic  action  in  railway 
brakes,  the  writer  has  carefully  searched  the  Board  of  Trade  Returns 
for  the  year  1878,  and  has  also  written  on  the  subject  to  a  large 
number  of  locomotive  superintendents  in  this  country,  in  order  to 
ascertain  as  far  as  possible  the  number  of  cases  where  trains  have 
parted,  either  with  or  without  collision.  He  finds  only  three  cases  of 
the  kind  reported  in  the  Board  of  Trade  Returns  during  the  whole 
year.  Of  these  the  first  occurred  to  a  passenger  train  which  left  the 
rails  at  a  junction,  the  carriages  taking  both  roads  :  in  that  case  the 
Government  Inspector  reported  that  if  the  train  had  been  fitted  with 
any  description  of  continuous  brake,  the  driver  could  have  pulled  up 
in  time  to  avoid  the  accident.  The  second  case  was  where  a  train 
was  fitted  with  an  automatic  brake  ;  and  this  brake  suddenly  applied 
itself  to  the  hinder  portion  of  the  train,  and  pulled  it  up,  breaking 
the  train  in  two.  The  third  instance  was  where  a  train,  fitted  with  an 
automatic  brake,  was  running  at  a  speed  of  45  miles  per  hour,  when 
one  of  the  tender  wheels  broke  away,  and  falling  beneath  the  train 
smashed  each  brake  cylinder  as  it  passed  over  it,  entirely  disabling 
the  brake.  The  train  travelled  about  300  yards  after  leaving  the 
track,  and  was  finally  stopped  and  broken  up  into  sections  by  coming 
in  contact  with  the  abutment  of  a  bridge,  which  it  reached  at  an 
estimated  speed  of  25  miles  per  hour.  These  constitute  the  whole 
number  of  recorded  instances  where  couplings  were  broken,  and  where 
automatic  action  could  display  itself;  and  it  will  be  noticed  that  in 
one  the  breaking  was  caused  by  automatic  action,  and  in  another  the 
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automatic  action  was  useless ;  therefore  iu  ouly  one,  and  that  a  very 
questionable  instance,  could  an  automatic  have  been  of  any  more  use 
than  a  non-automatic  brake.  It  should  further  be  noted  that  in  each 
case  severance  did  not  occur  until  the  carriages  had  been  running 
oif  the  road  for  some  distance,  and  until  the  main  damage  was 
done ;  in  other  words  it  did  not  occur  until  the  brake,  if  available, 
ought  to  have  completed  its  work.  Finally,  as  a  contra  account,  we 
find  in  the  same  Eeturns  the  details  of  more  than  twenty  instances 
of  failure,  by  defects  occurring  to  the  various  extra  fittings,  necessary 
to  make  the  brake  work  automatically;  and  in  many  of  these 
instances  the  brake  was  rendered  inoperative,  thus  leaving  the  train 
to  be  worked  all  the  way  home  with  the  ordinary  hand-brakes  only. 
Hence  the  comparison  under  this  heading,  so  far  as  the  Board 
of  Trade  Eeturns  for  1878  are  concerned,  stands  thus :  —  one 
questionable  success  as  against  twenty  failures. 

The  private  enquiries  made  by  the  writer  as  to  the  experience 
of  the  various  gentlemen  to  whom  he  applied,  have  brought  to  light 
only  two  or  three  cases  of  a  train  parting ;  all  of  which  appear 
to  have  occurred  at  or  near  stations,  and  to  have  been  caused  by 
an  injudicious  use  of  hand  or  automatic  brakes :  the  fact  being  in 
each  case  that  the  engine  brakes  were  held  tight  on  just  at  the 
moment  of  coming  to  a  stop,  without  an  equal  brake  power  being 
applied  to  the  rear  of  the  train,  and  that  the  sudden  recoil  of  the 
buffers  caused  the  breakage  of  the  couplings.  But  if  the  engine 
brake  is  gently  released  at  the  moment  of  the  stop,  or  the  rear  brake 
gently  applied,  this  violent  action  will  never  take  place ;  and  with  any 
continuous  brake  whatever,  capable  of  easy  regulation,  it  can  be 
avoided  without  difficulty.  Strong  couplings  should  in  all  cases  be 
the  sufficient  safe-guard  against  all  breaking  loose  of  trains  from 
whatever  cause. 

On  the  other  hand  it  may  be  shown  that  every  automatic  brake  has 
at  least  double  the  number  of  parts  that  a  non-automatic  brake  has  ; 
therefore  there  is  double  the  risk  of  failure  from  parts  getting  out  of 
order,  as  well  as  a  much  greater  risk  of  improper  use  by  the  men 
who  have  to  work  and  handle  the  brakes.     Further,  many  of  the 
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working  parts  of  an  automatic  brake  are  necessarily  complicated 
and  delicate  in  construction ;  and  hence  are  more  liable  in  themselves 
to  get  out  of  order. 

In  order  to  get  a  general  view  of  the  whole  working  of  automatic 
brakes  during  the  eighteen  months  ending  June  1879,  the  writer  has 
compiled,  from  the  Board  of  Trade  Eeturns  on  Continuous  Brakes, 
the  appended  Tables  I-IV.,  which  give  the  total  number  of  failures 
recorded  against  the  following  automatic  brakes — the  Westinghouse, 
the  Sanders  or  Sanders  and  Bolitho,  and  the  Steel  Mclnnes.  For 
comparison  with  these  the  non-automatic  Smith  Vacuum  Brake  has 
been  selected,  and  the  failures  of  that  brake  are  also  shown.  These 
failures  are  throughout  distributed  under  several  headings,  according 
to  what  appear  to  have  been  the  circumstances  of  each  particular 
case.  An  examination  of  these  Tables  will  amply  bear  out  the  remark 
just  made,  as  to  the  larger  number  of  failures  in  working  parts  with 
automatic  as  compared  with  non-automatic  brakes. 

(III.)  The  next  point  for  consideration  is  the  number  of  cases 
where,  through  defect  in  automatic  apparatus,  brakes  creep  on  whilst 
the  train  is  running,  and  finally  stop  it,  often  at  most  objectionable 
places.  Among  special  instances  jnay  be  mentioned  that  of  the 
Blaenmoor  tunnel,  where  a  Midland  train  was  pulled  up  in  this  way  ; 
also  the  accident  at  Wemyss  Bay,  when  a  following  train  ran  into  the 
one  automatically  stopped,  and  injured  thirteen  persons.  But  besides 
these  there  are,  as  column  (7)  of  the  Tables  shows,  a  number  of 
instances  where  this  automatic  stoppage  has  taken  place,  and 
has  been,  to  say  the  least,  most  inconvenient.  It  must  be  further 
considered  that  this  large  class  of  stoppages  is  without  any 
countervailing  advantage  whatever ;  and  that  this  process  of 
creeping  on  whilst  running  has  a  strong  tendency  to  heat  and 
injure  tyres,  and  also  to  induce  an  immense  waste  of  fuel. 

(IV.)  Where  trains  are  worked  down  long  inclines,  none  of  the 
existing  automatic  brakes  work  as  efficiently  as  the  non-automatic, 
because  the  former  cannot  be  so  easily  and  nicely  regulated  as  the 
latter.  This  fact  is  mentioned  in  M.  E.  Marie's  Eeport  upon  the 
two  descriptions  of  brakes  in  use  on  the  Lyons  Kailway,  where  he 
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says  "  The  Westingliouso  brake  is  so  difficult  to  moderate  tliut  it 
could  not  be  employed  on  long  inclines  or  steep  gradients."  This 
objection  applies  to  every  descri2)tion  of  automatic  brake. 

On  summarising  the  Tables  I.  II.  and  III.,  wliicli  give  the 
failures  recorded  in  the  Board  of  Trade  Returns  for  the  half  years 
ending  Juno  1878,  December  1878,  and  June  1879  respectively,  the 
writer  finds,  as  shown  in  columns  (6)  and  (12)  of  Table  IV.,  that 
the  total  number  of  instances  in  which  the  several  automatic  brakes 
were  rendered  useless  through  failure  amounts  collectively  to  83, 
for  a  recorded  mileage  (that  for  the  two  last  half-years  only  being 
returned)  of  2,900,435 J  miles;  whilst  with  a  similar  mileage  of 
8,338,481  miles  the  non-automatic  brake  named  has  only  21  instances 
where  it  was  rendered  useless,  including  the  two  cases  of  broken 
couplings  notified  in  the  June  half  of  1879.  Thus,  assuming  that  the 
relative  mileage  in  the  first  half-year  was  the  same  as  in  the  other 
two,  the  absolute  failures  in  proportion  to  mileage,  with  the  automatic 
and  non-automatic  brakes,  are  about  as  eleven  to  one.  This  fact 
appears  especially  adapted  to  indicate  the  relative  value  of  the  t«-o 
descriptions  of  brakes,  looked  qj;  from  the  point  of  view  of  their 
forming  a  reliable  apparatus,  capable  of  working  a  train  with  safety 
throughout  a  journey. 

Next  to  this  comes  the  question  of  liability  to  mismanagement  on 
the  part  of  the  men  who  have  to  use  the  brakes,  and  also  of  those 
who  have  to  couple  and  uncouple  them.  Here  it  appears  from 
column  (3),  Table  IV.,  that  with  the  automatic  brakes  the  failures 
recorded  as  due  to  mismanagement  were  88,  and  with  the  non-automatic 
brake  27 ;  which,  taking  the  relative  mileage  into  account,  gives 
a  ratio  of  about  nine  to  one. 

Next  comes  the  question  of  reliability  as  a  train-stopper.  Here 
it  will  be  found  from  column  (10),  Table  IV.,  that  the  result,  for 
equal  miileage,  is  three  to  one  in  favour  of  the  non-automatic 
brake  :  the  total  number  of  cases  of  overrunning  stations  &c.  with 
the  Smith  brake  being  22,  and  with  the  automatic  brakes  27. 

Again,  if  the  total  recorded  failures  are  taken,  the  automatic 
brakes  will  be  found,  from  column  (11),  Table  IV.,  to  give  collectively 
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447  cases,  and  tlie  Smith  brake  264:  giving  a  result,  for  equal 
mileage,  of  about  five  to  one.  This  should  be  a  guide  as  to  the 
amount  of  care  required  in  maintaining  the  two  descriptions  of  brake. 

We  have  next,  in  column  (7),  Table  IV.,  the  cases  where  automatic 
brakes  apply  themselves  and  stop  trains.  This  has  occurred  as  many 
as  39  times;  and  in  one  of  these  instances  the  train  was  pulled 
i\j)  in  the  Blaenmoor  tunnel,  very  much  to  the  alarm  and  annoyance 
of  the  passengers. 

Next  comes,  in  column  (8),  Table  IV.,  the  record  of  cases  where 
chain-couplings  have  been  broken  by  the  action  of  the  automatic 
brakes.     Of  these  there  are  few. 

Then  comes,  in  column  (9),  Table  IV.,  a  list  of  81  cases  where 
the  automatic  brakes  would  not  release  when  required,  until  some 
particular  part  or  defect  was  attended  to :  under  this  class  of 
objectionable  incidents  must  be  included  the  Wemyss  Bay  accident, 
when  thirteen  persons  were  more  or  less  injured. 

In  concluding  his  paper,  the  writer  has  only  to  call  attention  to 
the  several  tabular  lists  given,  and  the  comparisons  to  be  drawn  from 
each.  These,  he  thinks,  furnish  very  strong  reasons  for  the  opinion 
held  by  him,  that  there  is  not  as  yet  any  automatic  brake  at  work 
in  England,  sufficiently  reliable  to  justify  its  use  in  preference  to 
the  best  descriptions  of  non-automatic  brakes.  For  example,  as  the 
Board  of  Trade  impress  upon  railway  companies  the  necessity  of 
keeping  punctual  time,  the  fact  that  automatic  brakes  have  in  a 
large  number  of  instances  delayed  trains,  through  failure  in  the 
automatic  arrangements  themselves,  forms  one  strong  objection  to 
their  use.  Again,  automatic  action  is  required  by  the  Board  of 
Trade  to  guard  against  damage  when  trains  part  asunder.  But 
automatic  action  has  itself  caused  fully  half  the  number  of  such 
accidents :  hence  it  seems  hardly  worth  while  to  use  an  appliance 
which  doubles  the  number  of  these  rare  cases  of  breaking  loose. 

The  writer  has  not  noticed  the  Clark  chain-brake,  as  it  appears 
to  be  used  more  as  an  emergency  brake  than  otherwise.  He  has 
also  endeavoured  to  avoid  criticising  any  particular  brake,  having 
only  the  desire  to  call  attention  to  what  appear  to  him  substantial 
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objections  to  all  the  automatic  brakes  which  have  come  into  anything 
like  extensive  use  upon  the  railways  of  this  country  ;  and  in  this  way 
to  bring  on  a  thorough  discussion  as  to  the  desirability  of  adopting 
automatic  brakes  in  general.  Such  a  discussion,  he  believes,  will 
develop  substantial  grounds  for  insisting  on  further  improvement 
and  experiment,  before  any  stringent  measure  in  this  direction  is 
enforced  upon  railway  companies.  It  appears  absolutely  necessary 
that  any  automatic  brake  which  is  to  be  regarded  as  satisfactory 
should  be  less  complicated  than  any  now  in  use ;  and  to  effect  this 
improvement,  yet  further  thought  must  be  applied  to  the  problem, 
and  yet  further  experience  acquired  to  achieve  its  solution. 
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Discussion. 

Mr.  K.  D.  Sanders  observed  that  the  appended  Tables  I.-IV. 
were  stated  to  give  the  total  number  of  failures  recorded  against  the 
following  automatic  brakes — the  Westinghouse,  the  Sanders  or 
Sanders  and  Bolitho,  and  the  Steel  Mclnnes :  and  the  author  added 
up  all  the  failures  shown  with  those  three  brakes,  and  compared  the 
joint  result  with  the  Smith  vacuum  brake.  He  did  not  think  that 
was  fair  to  the  individual  brakes ;  nor  was  it  quite  a  scientific  way 
of  opening  up  the  subject  of  automatic  action.  If  they  were  to 
discuss  the  automatic  action  of  brakes,  or  the  necessity  for  it,  he 
thought  it  might  be  done  scientifically,  without  referring  to  any 
individual  brakes  at  all. 

In  the  Tables  a  great  number  of  failures  of  various  classes 
were  put  down,  but  it  appeared  to  him  that  the  most  important 
class  of  all  was  left  out.  In  one  column  was  given  the  number 
of  times  each  brake  was  rendered  useless,  in  another  the  number 
of  times  each  brake  applied  itself,  and  so  on  ;  but  there  was  nothing 
to  show  the  number  of  times  when  each  brake  would  not  apply 
itself  when  wanted.  He  thought  this  was  the  most  important 
point  to  be  considered,  with  reference  to  automatic  action.  In 
speaking  before  the  Institution,  he  had  always  enforced  the  necessity 
of  the  automatic  action  being  used  as  a  tell-tale  for  the  brake ;  but 
that  consideration  appeared  to  be  left  out  of  the  paper  altogether. 
He  did  not  find  from  any  of  the  Board  of  Trade  circulars  that  they 
insisted  on  automatic  action  so  much  for  the  purpose  of  preventing 
accidents  by  a  train  breaking  in  two,  as  the  author  seemed  to  think. 
What  they  said  was  that  "in  case  of  accident  the  brake  must  be 
instantaneously  self-acting,"  which  was  a  very  different  thing;  but 
at  the  same  time  he  maintained  that  automatic  action  was  very  useful 
in  case  of  a  train  breaking  in  two.  The  paper  had  given  one  or  two 
instances  of  this,  but  had  left  out  some  that  were  within  his  knowledge. 
The  Wigan  accident  was  an  instance  in  which  the  engine  broke  away 
from   the   train :    the  driver,  finding  he  had  left  the  train  behind, 
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stopped  his  engine,  and  tlio  consequence  was  that  the  following  train 
ran  into  it.  Then  again  there  was  tlie  memorable  Shipton  accident. 
If  there  had  been  an  automatic  brake  on  that  train,  so  that  the 
guard  could  have  put  it  on  at  the  rear,  and  hckl  tight  the  couidings 
of  the  carriage  which  was  running  off  the  road,  it  was  very  doubtful 
whether  there  would  have  been  an  accident  at  all ;  for  it  was  proved 
afterwards  that  the  train  ran  for  some  considerable  distance,  after  the 
tyre  had  broken  off  the  wheel,  and  it  was  not  until  both  drivers 
reversed  their  engines,  and  so  put  a  block  in  front  of  the  train, 
that  the  accident  happened. 

Reverting  to  the  question  of  the  tell-tale  action  of  brakes,  he 
found,  on  referring  to  the  Board  of  Trade  returns,  that,  with  the 
brake  which  the  author  had  put  forward  as  so  superior  to  every 
other,  there  were  107  instances  where  the  pipes  had  been  undone, 
or  where  there  had  been  some  defect  in  the  brake,  of  which  the 
driver  could  not  possibly  have  had  any  knowledge ;  and  taking  the 
various  non-automatic  brakes  together,  there  were  128  instances 
recorded,  where  the  driver  was  thus  travelling  along  without  any 
knowledge  whatever  of  the  state  of  his  brakes.  Any  one  of  those 
instances  might  have  led  to  very  serious  consequences ;  therefore  he 
thought  they  should  have  been  put  forward  in  the  Tables. 

With  regard  to  the  great  number  of  cases  where  the  brake  was 
rendered  useless,  it  was  necessary  to  point  out  that  in  his  own 
particular  case  there  had  been  only  one  instance  where  the  brake 
had  refused  to  go  on  when  required  ;  therefore  it  was  hardly  fair  to 
condemn  that  brake  because,  when  classed  with  two  others,  the  joint 
result  turned  out  badly. 

In  order  to  prove  the  value  of  automatic  action  he  had  selected 
two  instances.  On  10th  February  1879,  a  train  left  St.  Pancras, 
fitted  up  with  a  non-automatic  brake ;  it  travelled  all  right  until  it  got 
to  Mill  Hill,  where  the  signals  were  against  the  driver.  He  attempted 
to  apply  his  brake,  but  found  he  could  not  get  it  on  at  all.  The 
consequence  was  that  he  ran  through  the  station  at  40  miles  an  hour. 
Fortunately  there  was  nothing  in  the  road,  otherwise  there  would  have 
been  an  accident.  Again,  a  train  fitted  with  his  own  brake,  which 
was  an  automatic  brake  on  the  tell-tale  principle,  left  St.  Pancras  on 
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25th  November  1878  ;  and  the  driver  immediately  after  observed  that 
there  was  no  vacuum  shown  on  the  gauge  in  front  of  him  on  the 
engine,  and  therefore  that  there  was  some  defect  in  the  brake.  He 
had  to  stop  at  Kentish  Town,  and,  knowing  that  the  brake  was  out  of 
order,  he  worked  carefully  up  to  the  station,  and  stopped  with  the 
ordinary  tender  brake  in  the  usual  way.  On  examining  the  train,  it 
was  found  that  the  valve  in  the  centre  van  had  been  left  open.  When 
that  was  put  down,  the  train  worked  satisfactorily  all  the  way  to 
Liverpool.  Those  two  instances  were  quite  sufficient  to  show  the 
value  of  automatic  action  as  a  tell-tale.  In  one  case  the  driver  was 
travelling  along  under  the  impression  that  the  brake  was  all  right, 
when  it  was  not ;  and  this  might  have  led  to  a  serious  accident.  In 
the  other  case  the  driver  saw  that  his  brake  was  out  of  order,  worked 
cautiously  to  his  first  stopping  station,  found  out  the  defect,  put  it 
right,  and  went  on  as  usual. 

On  page  102  the  paper  said,  "  On  the  other  hand  it  may  be  shown 
that  every  automatic  brake  has  at  least  double  the  number  of  parts 
that  a  non-automatic  brake  has  ;  therefore  there  is  double  the  risk  of 
failure,"  &c.  Now  he  had  made  a  careful  comparison  between  the 
Smith  vacuum  brake  (which  was  the  one  the  author  referred  to) 
and  his  own,  taking  the  same  identical  carriages-  With  the  ordinary 
non-automatic  vacuum  brake  there  would  be  these  parts, — one  sack, 
two  lines  of  pipes,  two  branch  connections  at  the  ends  of  the  carriages, 
four  hose-pipes  and  fittings,  and  four  half  couplings  ;  in  all  thirteen 
principal  parts.  With  his  own  brake,  as  he  was  fitting  it  up  at  the 
present  time,  there  was  one  cylinder  and  piston,  corresponding  with 
the  sack  on  the  other  carriage,  one  reservoir,  one  line  of  pipes,  two 
hose-pipes  and  fittings,  and  two  half  couplings;  in  all  seven 
principal  parts,  or  about  one-half  the  number  in  the  non-automatic 
brake ;  therefore  the  author's  statement  was  wholly  incorrect. 

On  page  103  he  found  the  remark  : — "  Where  trains  are  worked 
down  long  inclines,  none  of  the  existing  automatic  brakes  work  as 
ef&ciently  as  the  non-automatic,  because  the  former  cannot  be  so 
easily  and  nicely  regulated  as  the  latter."  That  might  be  true  of 
some  automatic  brakes,  but  not  of  his  own,  which  could  be  regulated 
with  as  great  nicety  as  the  non-automatic  vacuum  brake.     In  the 
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latter  case  the  brake  was  ai)pllc(l  by  drawing  the  air  out  of  a  chamber, 
and,  in  proportion  to  the  air  drawn  out,  so  were  the  blocks  pressed 
against  the  wheels.  In  the  former  case  the  brake  was  applied  by 
letting  the  air  into  a  chamber,  and,  exactly  in  proportion  as  the  air 
was  let  in,  so  was  the  pressure  put  upon  the  blocks.  The  real 
diflference  was  that  the  former  went  on  very  rapidly,  and  the  latter 
very  slowly  ;  but  that  was  scarcely  a  point  to  be  made  against 
automatic  brakes. 

On  page  105  the  paper  stated :  "  We  have  next,  in  column  (7), 
Table  IV.,  the  cases  where  automatic  brakes  apply  themselves  and 
stop  trains.  This  has  occurred  as  many  as  39  times."  Upon  referring 
to  these  Tables  he  found  two  cases  of  his  own  brake  recorded.  He 
admitted  that  the  brake  did  so  apply  itself  in  those  two  cases.  In 
one  case,  reference  to  the  Board  of  Trade  returns  would  show  that  a 
connecting  pipe  between  two  carriages  came  undone,  and  stopped  the 
train ;  but  when  the  guard  put  on  a  new  pipe,  the  train  went  away  as 
usual.  In  the  other,  one  of  the  sacks  had  been  cut  half  way  through, 
and  when  the  vacuum  got  rather  high  it  burst.  That  brake  was 
disconnected,  and  the  train  then  worked  as  usual.  He  contended  that 
was  the  very  thing  that  sJiould  have  happened.  Far  better  to  stop  the 
train  when  a  pipe  came  undone,  and  so  let  everybody  know  what  was 
the  matter,  than  for  a  pipe  to  come  undone  without  giving  notice,  and 
cause  the  train  to  run  through  a  station  at  40  miles  an  hour,  as  at 
Mill  Hill.  That  really  showed  the  value  of  automatic  action.  He  had 
only  had  these  two  instances  where  his  own  brake  applied  itself 
spontaneously,  so  to  speak ;  and  it  was  not  fair  to  say  that,  because 
there  were  39  such  instances  recorded  in  the  Board  of  Trade 
returns,  therefore  automatic  action  was  of  no  use.  Here  were  two 
instances  which  clearly  showed  the  great  value  of  automatic  action 
in  preventing  accidents.  Another  occasion  where  automatic  action 
was  of  great  value  was  shown  by  a  case  which  occurred  at  Beading 
with  his  own  brake.  The  driver,  on  approaching  the  station,  attempted 
to  apply  the  brake,  but  could  not  do  so :  the  valve  upon  the  engine 
had  got  out  of  order,  and  he  failed  to  get  the  brakes  on  at  all.  The 
guard  noticed,  by  the  gauge  in  his  van,  that  the  driver  was  not  putting 
the  brake  on,  and  was  going  to  run  through  the  station.     He  lifted 


Jan.  1880.  AUTOMATIC    ACTION    IN    BRAKES.  117 

his  own  valve,  and  put  it  on  for  him.  The  consequence  was  that  the 
train  was  pulled  up  at  the  station  all  right.  If  that  had  been  a  non- 
automatic  brake,  no  one  could  have  put  it  on  in  such  a  case,  and  the 
train  would  have  run  through,  as  at  Mill  Hill,  and  another  accident 
might  have  been  caused. 

Again,  the  paper  quoted,  as  another  point  against  automatic 
brakes,  the  way  in  which  they  "  crept  on."  All  he  could  say  was 
that  he  had  had  no  instance  of  that  with  his  own  brake ;  in  fact 
it  was  simply  impossible.  There  had  been  cases  where  the  blocks 
rubbed  against  the  wheels ;  but  the  Board  of  Trade  returns  would 
show  that  in  all  those  cases  the  blocks  had  been  too  tightly  adjusted. 
The  author's  concluding  remark  was,  "  It  appears  absolutely  necessary 
that  any  automatic  brake  which  is  to  be  regarded  as  satisfactory, 
should  be  less  complicated  than  any  now  in  use."  With  reference  to 
that  remark,  he  had  already  shown  that  his  own  particular  brake  had 
only  about  one  half  the  number  of  parts  that  there  were  in  the  non- 
automatic  brake ;  and  therefore  this  conclusion  was  rather  misleading. 
Finally,  he  would  again  impress  upon  all  who  studied  the  safety  of 
the  public,  the  value  of  automatic  action  as  a  tell-tale ;  not  so  much 
to  provide  against  the  train  breaking  in  two,  as  always  to  indicate 
the  working  condition  of  the  brakes ;  and  he  maintained  that  in  his 
own  particular  arrangement  this  was  most  effectually  carried  out. 
He  challenged  the  writer  of  the  paper  to  show  in  what  way  the  power 
of  his  (Mr.  Sanders')  brake  could  be  reduced,  or  the  brake  become 
defective,  without  the  driver  and  guards  knowing  all  about  it ;  and 
further  how,  in  any  non-automatic  brake,  a  driver  or  guard  was  to 
know  when  a  pipe  was  undone,  or  the  brake  otherwise  defective. 

Mr.  George  A.  Gutch  wished  first  to  draw  attention  to  the 
question  they  had  met  to  discuss,  which  was  this : — Is  automatic 
action  necessary  or  desirable  in  a  continuous  railway  brake?  That 
was  a  perfectly  natural  and  intelligible  enquiry  to  be  made  on  the 
part  of  any  gentleman  who  intended  to  fit  up  trains  with  continuous 
brakes,  and  was  uncertain  as  to  the  principle  upon  which  they  should 
act.  But  Mr.  Riches  had  left  out  that  question  altogether  in  his 
paper,  and  had  never  attempted  to  discuss  it.     He  had  chosen  instead 
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to  take  certain  brakes,  and  compare  tLem  together  as  to  certain  classes 
of  failures.  That  was  not  the  riglit  way  to  treat  such  a  question. 
At  page  100  the  author  proposed  to  "  define  what  appear  to  him  to  he 
the  essential  points  upon  which  to  base  the  opinion,  whether  or  not 
any  of  the  known  automatic  brakes  are  sufficiently  reliable  to  justify 
their  adoption  in  preference  to  non-automatic  brakes."  The  ground 
was  thus  changed ;  and  very  little  was  really  said  against  the  principle 
of  automatic  action.  Everything  was  made  to  refer  to  the  methods 
of  carrying  out  that  principle  in  practice,  which  were  very  different ; 
just  as  the  principle  of  non-automatic  action  might  be  carried  out  by 
some  persons  in  one  way,  and  in  quite  a  different  way  by  others.  He 
could  imagine  some  people,  for  instance  Mr.  Fay  and  Mr.  Newall, 
not  being  satisfied  to  accept  the  brake  which  Mr.  Eiches  had  accepted 
as  a  standard  of  comparison.  Mr.  Riches  must  remember  that  his 
comparison  of  failures  would  cut  both  ways  ;  for  Fay's  and  Newall's 
brakes  had  no  failures  recorded  against  them  at  all.  It  was  true  that 
they  were  now  obsolete,  and  did  not  comply  with  the  conditions  of  the 
Board  of  Trade,  but  still  they  were  very  fair  brakes  up  to  a  certain 
point :  neither  did  the  Smith  vacuum  brake  comply  with  the  conditions 
of  the  Board  of  Trade.  He  wished  to  point  out  therefore  that  a 
principle  should  not  be  condemned,  because  there  had  been  in  some 
cases  a  failure  to  carry  it  out  successfully. 

Again,  on  page  101,  the  author  recommended  that  "a  comparison 
should  be  made  between  the  number  of  recorded  accidents  in  which 
automatic  action  has  either  prevented  or  mitigated  disaster,  or  else 
which  might  have  been  beneficially  affected  if  automatic  brakes  had 
been  fitted  to  the  trains,  and  the  number  of  accidents  and  failures 
which  are  recorded  as  caused  by  defects  in  parts  necessary  to  make 
the  brake  automatic."  That  was  a  most  extraordinary  way  of 
arriving  at  a  conclusion.  For  if  an  accident  had  been  prevented,  it 
was  not  recorded  at  all ;  failures  only  were  recorded,  not  successes. 
Hence  there  were  no  figures  to  work  with.  According  to  this 
princijDle  the  better  a  brake  had  fulfilled  its  purpose,  by  preventing 
accidents,  the  worse  the  comparison  that  could  be  made  about  it. 
A  railway,  for  instance,  might  keep  clear  of  accidents  altogether  for 
a  year,  by  the  aid  of  a  good  automatic  brake  ;  but  if  there  were  fifty 
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failures  of  material  during  that  time,  the  paper  would  state  the 
case  as  fifty  failures  and  not  a  single  success.  A  better  comparison 
could  be  made  by  taking  the  number  of  failures  which  would 
affect  the  efficiency  of  the  brakes,  when  wanted  to  be  called  into 
action.  With  non-automatic  brakes  such  failures  were  always  a 
source  of  danger,  because,  as  Mr.  Sanders  had  said,  there  was  no 
tell-tale  ;  while  an  automatic  brake  immediately  pointed  out  that 
something  was  the  matter,  and  brought  the  train  to  a  stand.  That 
he  considered  to  be  an  enormous  advantage,  and  so  apparently  did 
Mr.  Eiches  himself;  for  on  page  100,  when  making  a  comparison 
between  the  ideal  and  the  actual  automatic  brake,  he  said : — "  The 
former,  as  all  know,  should  anything  go  wrong  with  any  of  its  many 
vital  parts,  indicates  the  fact  with  certainty,  or  else  at  once  applies 
itself  to  the  wheels :  whilst  the  latter  has  a  very  heavy  list  recorded 
against  it  of  failures  to  fulfil  either  of  these  desirable  objects."  On 
the  other  hand,  in  the  Tables  at  the  end  of  the  paper,  the  number  of 
cases  in  which  this  "  desirable  object  "  was  fulfilled,  were  ranked  as 
"  failures." 

With  regard  to  the  author's  remark  on  page  105  that  "  automatic 
action  is  required  by  the  Board  of  Trade  to  guard  against  damage 
when  trains  part  asunder,"  the  words  used  by  the  Board  of  Trade 
really  were,  "  In  case  of  accident,  to  be  instantaneously  self-acting  ;  " 
therefore  they  referred  to  failures  or  accidents  to  the  brake  itself,  as 
well  as  to  the  train.  Similarly,  in  the  questions  to  be  answered  by  the 
railway  companies  he  found,  "  whether  self-acting."  Nothing  was  said 
about  the  train  parting ;  and  Mr.  Eiches  and  others  were  wrong  in 
believing,  that  the  only  reason  for  laying  down  that  condition  was  that 
trains  were  always  breaking  in  two.  There  was  evidently  a  wish  on  the 
part  of  the  Board  of  Trade  to  have  a  brake  which  would  act  as  a  tell- 
tale, and  would  be  sure  to  go  on  in  case  of  failure  of  the  brake  itself. 
Many  accidents  happened  from  failures  of  tyres,  from  rails  or  wheels 
breaking,  and  from  other  causes  of  derailment ;  and  these  could  only 
be  provided  for  by  an  automatic  brake,  which  should  not  only  go  on, 
but  stay  on,  so  that,  even  when  the  couplings  parted  or  the  engine 
ran  away,  the  rest  of  the  train  should  be  prevented  from  running 
into  it. 
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Tho  breaking  in  two  of  a  train  occurred  very  seldom,  but  quite  often 
enough  to  be  provided  against,  even  in  ordinary  working.  The  author 
liad  said  tliat  in  looking  through  the  Board  of  Trade  returns  for 
the  year  1878  ho  could  only  find  three  cases.  But  railway  companies 
did  not  in  general  return  all  the  cases  of  breaking  of  couplings 
or  drawbars,  but  only  those  cases  from  which  accidents  resulted,  and 
which  the  Board  of  Trade  had  to  report  upon.  There  were  however 
more  cases  actually  reported  than  those  mentioned  by  the  author.  In 
the  summary  of  accidents,  in  the  Board  of  Trade  return  for  1878,  he 
found  16  cases  of  failures  of  couplings  reported,  causing  injury 
to  7  passengers  and  2  railway  servants ;  and  no  one  imagined  that 
this  was  the  total  of  broken  couplings  or  drawbars  in  that  one  year 
for  the  United  Kingdom.  For  instance,  the  experimental  vacuum- 
brake  train,  while  prejDaring  for  and  during  the  brake  trials  at  York 
in  October  1878,  broke  seven  drawbars  or  couplings,  fortunately 
with  no  serious  results.  Moreover  the  above  16  cases  did  not 
include  an  accident  at  Methley  Junction  near  Leeds,  on  the  Midland 
Eailway,  on  13th  December  1878,  when  a  collision  took  place 
between  a  goods  train  and  the  up  Scotch  express.  The  latter  was 
thrown  off  the  line,  and  tbe  engine,  after  running  off  the  line  for 
90  yards,  was  thrown  on  its  side  over  an  embankment ;  fortunately 
out  of  the  way  of  the  train,  upon  which  there  was  no  continuous 
brake.  Neither  did  they  include  a  collision  on  the  Lancashire  and 
Yorkshire  Eailway,  on  2nd  September  1878,  at  Kirkgate  station, 
Wakefield  ;  which,  according  to  the  Government  report,  "  furnished  a 
strong  argument  in  favour  of  the  general  adoption  of  automatic 
brakes."  The  Bickley  accident,  which  was  the  third  of  the  three 
instances  mentioned  by  the  author  as  the  only  cases  of  couplings 
parting  in  that  year,  was  also  shown  under  a  different  heading,  and 
was  not  included  in  the  16  cases  mentioned  above. 

But  the  most  curious  omission  on  the  part  of  the  author  was  that 
of  the  accident  on  the  Great  Northern  Eailway  of  Ireland,  on  27th 
August  1878,  between  Skerries  and  Balbriggan.  There  a  coupling 
broke  on  the  limited  mail,  and  the  train,  which  was  fitted  with 
the  Smith  vacuum  brake,  ran  into  the  engine  and  tender,  injuring 
five  persons.     Still  confining  himself  to  the  year  1878,  he  himself  knew 
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of  various  other  cases  where  couplings  or  drawbars  had  broken ;  but  as 
these  were  not  recorded  officially,  he  would  refrain  from  specifying 
them. 

He  wished  to  recur  to  the  Bickley  accident,  because  the  paper 
specially  commented  on  that,  calling  it  a  questionable  success. 
Now  the  Government  Inspector,  in  his  report  on  this  accident,  said, 
"  the  effect  of  the  automatic  action  of  the  brakes,  coupled  with  the 
retarding  force  exercised  by  some  wheels  being  off  the  rails,  was,  it 
is  estimated,  to  reduce  the  speed  from  45  to  25  miles  per  hour,  when 
the  leading  brake-van  struck  the  abutment  of  the  South  Eastern 
Eailway  bridge  in  running  a  distance  of  215  yards."  And  yet 
the  paper  implied  that  this  brake  could  not  have  been  of  more  use 
than  a  non-automatic  brake  under  those  circumstances.  But  it 
must  be  admitted  that,  if  the  train  had  been  fitted  with  a  vacuum 
brake,  and  the  vacuum  pipe  had  been  damaged  by  the  broken 
axle,  as  the  Westinghouse  pipe  was  on  that  occasion,  the  brake  could 
never  have  been  applied  at  all;  and  even  if  there  had  been  an 
opportunity  of  putting  it  on  during  the  215  yards  actually  run, 
before  the  train  struck  the  bridge  and  the  couplings  parted,  the 
brake  must  then  at  once  have  come  off  all  the  wheels :  and  with 
the  engine  and  tender  off  the  line,  and  the  rest  of  the  train  running 
on,  that  might  have  been  a  very  serious  matter.  As  it  was,  it  was 
true  that  the  broken  wheel  carried  away  the  brake  of  several  carriages 
as  it  passed  under  them ;  but  all  those  brakes  at  least  remained  on 
until  they  were  carried  away,  while  of  those  behind  them  some  were 
found  fast  on  the  wheels  a  considerable  time  afterwards.  It  was 
impossible  to  assume  that  such  a  case  as  that  detracted  from  the 
value  of  the  brake.  No  brake  could  of  course  be  of  service,  after  it 
was  torn  from  the  carriage  by  a  broken  wheel ;  but  up  to  that  time 
the  brake  did  excellent  service,  and  it  was  put  on  automatically  by 
the  axle  breaking.  It  was  nearly  always  the  case,  when  an  axle 
broke,  that  the  brake  apparatus  was  the  first  thing  to  be  damaged. 
In  such  cases  the  driver  usually  stated  in  his  evidence,  "  The  first 
that  I  knew  about  it  was  that  my  brake  was  on." 

He  should  like  to  know  from  Mr.  Kiches  whether,  in  his  opinion, 
such  accidents  as  this  at  Bickley  were  to  be  provided  against  or  not ; 
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and  if  they  were,  wlietlier  lie  liiiiiKclf,  being  iii  the  train  and 
expecting  sucli  an  accident  to  happen,  would  prefer  to  have  under 
him  a  brake  that  would  go  on  automatically  as  soon  as  a  coupling 
was  broken  or  brake-pipe  damaged,  and  would  then  stay  on ;  or 
whether  he  would  prefer  a  brake  that,  even  if  there  had  been 
an  opportunity  of  putting  it  on  at  first  (which  in  this  case  there  was 
not,  as  the  main  pipe  was  broken),  would  automatically  have  come 
off  as  soon  as  the  engine  parted  from  the  train,  as  it  did  on  that 
occasion.  What  sort  of  condition  ought  the  Board  of  Trade  to  lay 
down,  in  order  to  meet  contingencies  of  that  nature,  if  not  that 
the  brake  must  be  self-acting?  He  should  like  to  hear  a  suggestion 
on  that  point,  but  the  j)aper  had  avoided  it  altogether. 

The  great  cure  for  breakage  of  couplings,  according  to  the 
author,  was  that  the  couplings  should  be  strong  enough.  The  reply 
to  that  was  that  they  were  not  strong  enough,  because  they  did  break, 
as  already  shown ;  also  that  in  an  accident  a  power  could  be  brought 
to  bear  sufficient  to  break  any  size  of  coupling  or  draw-bar,  and 
that  no  strength  of  coupling  would  prevent  the  shackle  lifting  off  its 
hook,  as  it  sometimes  did. 

As  to  the  Tables,  the  method  of  comparison  adopted  in  the  paper 
was,  in  his  opinion,  most  faulty.  It  was  evident  to  any  one  who  had 
studied  the  returns  of  the  Board  of  Trade,  and  observed  the  difference 
in  the  returns  from  different  lines,  that  the  railway  companies  had  put 
various  interpretations  upon  the  directions  of  the  Board  of  Trade  as 
to  what  information  they  were  to  supply.  Again,  it  was  unfair  to 
compare  an  automatic  brake,  which  recorded  its  own  failures,  with 
another  brake  which,  when  out  of  order,  failed  to  record  the  fact. 
He  objected  to  the  term  "  failures "  with  regard  to  instances  in 
which  automatic  brakes  put  themselves  on,  because  such  instances 
were  really  successes  of  the  principle  of  the  brake ;  they  were  only 
failures  of  the  material,  or  of  the  individuals  using  it.  It  could  not 
be  called  the  failure  of  a  principle,  where  a  brake  in  failing  stopped 
a  train,  and  warned  the  driver ;  nor  could  that  be  compared  with  a 
case  where  there  was  a  failure  of  material,  and  the  train  was  allowed 
to  run  on  without  its  being  known.  The  two  things  were  entirely 
dissimilar.     To  blame  an  automatic  brake  for  going  on  when  a  pipe 
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accidentally  burst,  was  just  as  reasonable  as  to  blame  an  automatic 
signal  for  going  to  danger  when  the  wire  broke ;  or  to  blame  the 
block  system,  because  some  mistaken  signalman  chose  to  let  two 
trains  pass  into  the  same  section  together,  the  system  being  intended 
to  keep  them  apart. 

He  believed  the  author  was  quite  mistaken  in  saying,  as  he  did 
more  than  once,  that  a  great  many  automatic  brakes  had  been 
rendered  useless,  until  the  train  could  be  taken  to  the  repairing  shed. 
He  must  have  been  deceived  in  his  deductions,  because  he  could  only 
have  got  his  information  from  the  Board  of  Trade  returns,  and  by 
judging  of  the  failures.  He  did  not  know  whether  Mr.  Eiches  had 
tried  any  other  brake  than  the  Smith  vacuum  brake :  certainly  he  had 
not  tried  the  Westinghouse  brake,  or  else  he  could  not  have  made 
that  remark.  He  had  himself  made  a  comparison  between  the 
Westinghouse  automatic  brake  and  Smith  vacuum  brake,  and  had  found 
altogether  123  reports  against  the  Smith  brake,  and  233  against  the 
Westinghouse  ;  but  there  was  a  very  different  tone  about  the  reports 
against  the  two  brakes.  The  reports  on  the  Westinghouse  brake, 
he  noticed,  referred  mainly  to  trifling  delays  from  some  easily 
preventible  cause,  e.g.  "  Some  one  tampered  with  the  cocks " — 
"Engine  not  fitted" — ''Shunter  opened  cock  in  guard's  van" — 
"  Guard  accidentally  opened  his  valve  with  sleeve  " — "  Copper  pipe 
broken" — "New  washer  wanted" — and  also  other  trifles  which  had 
nothing  to  do  with  the  individual  brake,  and  were  common  to  every 
brake.  In  the  reports  against  the  vacuum  brake  these  trifles 
seemed  to  be  generally  omitted,  and  the  failures  reported  consisted 
largely  of  couplings  coming  undone,  and  sacks  being  found  slit. 

Looking  at  the  results  all  round,  he  found  that  they  were 
very  much  against  the  vacuum  brake.  The  total  number  of 
failures  in  the  half  year  ending  June  1879  was  123,  of  which 
79  (or  64  per  cent.)  were  really  dangerous  failures,  that  might  have 
produced  serious  consequences  by  materially  affecting  the  stopping 
power  of  the  train  as  a  whole.  In  the  Westinghouse  brake,  on  the 
contrary,  only  8  out  of  233,  or  3J  per  cent.,  could  in  any  sense  be 
called  dangerous  failures.  The  cases  in  which  the  train,  as  a  whole, 
was  prevented  from  using  the  brake  for  the  rest  of  the  journey,  were 
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30,  or  29  per  cent,  of  the  total  number,  with  the  vacuum,  and  23,  or 
only  10  per  cent.,  with  the  Wcstinghouse  brake.  Taking  the 
half  year  ending  Dec.  1878,  the  reports  were  very  much  worse  for  the 
vacuum  brake  ;  for  out  of  89  failures  85,  or  95  per  cent.,  were 
dangerous  failures. 

However,  as  he  had  said,  it  was  not  clear  how  far  the  different 
companies  made  their  returns  on  the  same  basis.  Therefore 
he  thought  it  was  better  to  take  a  single  railway  using  both 
brakes.  He  would  take  the  North  Eastern,  because  the  minuteness 
of  their  returns,  as  made  to  the  Board  of  Trade,  was  an 
indication  of  the  care  exercised  by  the  authorities.  It  was  also  a 
line  which  he  knew  pretty  well  himself,  and  could  speak  upon  with 
some  authority.  They  returned,  for  the  half  year  ending  June  1879, 
27  engines  and  tenders,  and  35  carriages,  fitted  with  the  vacuum 
brake,  or  89  sets  in  all;  and  15  engines,  18  tenders,  and  108 
carriages,  fitted  with  the  Wcstinghouse,  or  141  sets  in  all,  56  per 
cent,  above  the  vacuum.  The  vacuum  brake  ran  252,473  miles, 
almost  wholly  with  through  trains,  having  very  few  stoppages,  and 
there  were  23  failures  reported:  16  of  these,  or  70  per  cent.,  were 
dangerous  failures,  i.e.  cases  of  running  through  stations,  or  cases 
which  would  have  had  that  effect  if  not  found  out,  such  as  slits  in 
sacks,  couplings  coming  apart,  and  so  on.  The  Westinghouse  brake 
ran  168,809  miles,  almost  wholly  with  stopping  trains,  so  that  the 
opportunities  of  declaring  itself  out  of  order,  or  of  running  by 
stations,  would  be  much  more  frequent  than  with  the  vacuum  brake  ; 
yet  only  6  failures  were  reported,  only  one  of  which  could  have 
interfered  with  the  stoj^ping  power  of  the  train ;  and  that  was 
caused  by  a  cock  being  left  closed.  As  those  cocks  were  now  done 
away  with,  that  could  not  happen  again.  Of  the  other  cases, 
4  occurred  in  nine  days,  with  a  new  train  just  started,  and  were 
due  no  doubt  to  having  new  work,  and  inexperienced  drivers.  Hence, 
if  there  were  nine  or  ten  trains,  running  altogether  168,809  miles, 
and  if  two  of  them  had  only  six  mishaps  of  any  kind  in  six  months, 
while  the  remaining  seven  or  eight  had  not  a  single  mishap,  he 
maintained  this  showed  that  the  automatic  brake  could  be  worked 
as  satisfactorily  as  any  other  piece  of  machinery.     With  regard  to 
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the  miles  run  per  failure,  they  were  10,977  with  the  vacuum,  and 
31,458  with  the  Westinghouse  brake ;  although  there  was  56  per 
cent,  more  stock  fitted  with  the  latter  than  with  the  former. 

With  regard  to  the  "  creeping  on,"  already  referred  to  by 
Mr.  Sanders,  that  term  was  very  much  more  applicable  to  the 
vacuum  than  to  the  Westinghouse  brake.  The  Westinghouse  did 
not  act  by  creeping  on  ;  it  could  indeed  be  made  to  go  on 
very  gently  by  the  manipulation  of  the  driver ;  for  the  late 
improvement  of  the  triple  valve  enabled  it  to  be  put  on  with 
5,  10,  20,  30,  or  40  lbs.  pressure,  according  to  the  action  of 
the  driver.  But  the  author  seemed  to  infer  that  in  the  cases 
he  had  mentioned  the  brakes  crept  on.  In  reality  the  pipes  broke, 
and  the  brake  then  went  on  like  lightning,  and  pulled  up  the 
train.  Here  he  would  no  doubt  be  confronted  with  the  Wemyss  Bay 
case.  The  author  had  done  his  best  to  make  capital  out  of  that, 
pointing  out  that  there  were  some  people  injured  by  a  following 
train  running  into  the  train  that  was  pulled  up.  It  was  true  there 
were  people  injured,  but  the  reason  was  that  the  following  train  was 
permitted  to  enter  a  block  section  in  which  a  train  was  standing. 
Now  what  had  that  to  do  with  automatic  action  ?  It  was 
simply  a  case  of  a  mistaken  signalman,  on  a  foggy  morning, 
allowing  a  train  to  run  into  a  section  where  another  train  had  been 
brought  to  a  stand — a  thing  which  might  have  happened  through  a 
dozen  different  causes.  The  block  system  was  precisely  intended  to 
protect  a  train  from  another  following  ;  but  the  latter  ought  also  to 
be  fitted  with  continuous  brakes.  That  was  not  so  in  the  case  in 
question,  and  therefore  the  i^eople  were  injured.  In  point  of  fact, 
the  failure  was  in  a  piece  of  the  machinery  which  the  Westinghouse 
Brake  Company  did  not  supply,  a  brass  nut,  which  affected  the 
power  of  the  brake,  and  brought  the  train  to  a  stand.  The  inspector 
of  the  Board  of  Trade  enquired  into  the  matter,  and  his  report  said, 
"  The  accident  was  therefore  clearly  due  to  carelessness  on  the  p  irt 
of  the  signalman  in  Port  Glasgow  cabin,  who  disregarded  the  rules 
for  the  working  of  the  block  telegraph  instruments,  and  also  a  rule 
specially  issued." 
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As  to  cases  of  blocks  being  found  tigbt  upon  wheels,  they  arose 
from  the  brakes  not  having  been  taken  off  at  the  previous  stop,  not 
from  their  creeping  on  one  after  another ;  they  went  on  all  together 
if  at  all.  It  might  hapjien  however,  from  want  of  care  in  the 
handling  or  supervision,  that  one  or  two  of  the  brakes  might  not 
have  come  ofif  at  the  previous  stop ;  but  if  the  driver  was  an 
experienced  man  that  never  happened.  His  proof  of  this  was  that 
on  very  many  lines  the  complaint  was  never  made  at  all.  On  the 
Great  Northern,  the  Lancashire  and  Yorkshire,  the  London  and 
South  Western,  the  London  Chatham  and  Dover,  the  North  Eastern, 
the  West  Lancashire,  the  Glasgow  and  South  Western,  the  Glasgow 
and  Coatbridge,  and  the  North  British,  there  were  no  cases  at  all 
mentioned  of  brakes  refusing  to  come  off,  or  creeping  on ;  and  what 
might  be  done  on  one  line  might  be  done  on  all. 

The  paper  had  also  said  that  down  long  inclines  the  automatic 
brakes  did  not  work  as  efficiently  as  the  non-automatic  brake.  His 
own  experience  however  was  that  they  could  be  worked  quite  as 
easily.  In  some  of  their  experiments  a  uniform  speed  of  27  miles 
was  maintained  down  a  gradient  of  1  in  55  for  five  miles,  as  proved 
by  diagrams  that  were  taken  at  the  time.  The  paper  implied  that  a 
vacuum  brake  was  admirable  for  going  down  inclines.  He  should 
have  thought  himself  that,  if  a  brake  showing  79  serious  failures 
out  of  123  was  dangerous  at  all,  it  was  especially  dangerous  when 
going  down  an  incline.  But  there  was  also  such  a  thing  as 
an  ascending  gradient;  and  in  the  Great  Western  returns  to  the 
Board  of  Trade,  this  explanation  was  given  with  regard  to  the 
working  of  the  Smith  brake  on  the  Monmouthshire  line — "  Each 
of  the  passenger  trains  on  the  Monmouthshire  line  has  two  or  three 
vehicles  at  the  tail  end  fitted  with  Fay's  brake,  which  is  used  for 
controlling  and  stopping  the  train  in  ascending  the  inclines ;  on  the 
return  journey,  down  the  inclines,  Smith's  vacuum  brake  is  used 
throughout  the  train.  Smith's  brake  is  not  used  on  the  ascending 
journey  except  in  cases  of  emergency."  It  appeared  therefore  that 
the  vacuum  brake  was  not  thought  to  be  a  very  good  one  for 
ascending  inclines,  the  danger  of  a  break-away,  involved  by  the 
employment  of  that  brake,  being  too  great  to  be  risked. 
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The  paper  had  alluded  to  a  Eeport  by  M.  Marie,  as  to  the 
difficulty  of  moderating  the  Westinghouse  brake  on  steep  gradients. 
But  M.  Marie  had  not  himself  tried  it  on  inclines  at  the  time  he 
wrote  that  report ;  he  had  since  seen  reason,  it  was  believed,  to 
change  his  opinion.  Moreover,  that  quotation  should  not  have  been 
made  without  adding  the  sentence  that  followed  it,  which  was  as 
follows : — "  The  vacuum  non-automatic  brake  is  dangerous  in  case  of 
a  rupture  of  couplings,  because  it  does  not  stop  the  detached  portion." 
And  again,  under  the  heading  of  "  Euptures  of  Couplings,"  the 
Eeport  said,  "  In  cases  of  sudden  application  of  the  brake  the  shocks 
we  have  just  mentioned  often  cause  ruptures  of  couplings.  In  the 
Westinghouse,  which  is  automatic,  the  rear  portion  of  the  train  stops 
of  itself;  but  it  is  then  necessary  to  provide  against  the  new  danger, 
resulting  from  a  section  of  the  train  being  suddenly  stopped,  and 
remaining  stationary  on  the  main  line.  As  for  the  vacuum  brake, 
which  is  non-automatic,  the  severed  portions  continue  running,  which 
presents  serious  dangers  upon  inclines."  So  that  M.  Marie  agreed 
that  the  vacuum  was  not  a  fit  brake  for  inclines. 

Again,  the  same  Eeport  also  said  on  the  subject  of  automatic 
action  : — "  It  appears  that,  in  general,  a  certain  importance  is  attached 
to  the  fact  that,  in  case  of  derangement  of  the  apparatus  or  rupture 
of  a  coupling,  the  brakes  apply  themselves  on  each  vehicle  to  stop 
the  train,  or  sections  of  the  train.  This  condition  constitutes  what 
is  called  '  automaticity.'  We  think  that  this  property,  limited  to 
passenger  trains,  would  be  useless  with  the  existing  brakes,  because 
ruptures  of  couplings  do  not  occur  with  these  trains ;  but,  as  we  shall 
see  hereafter,  the  use  of  continuous  brakes  will  probably  cause  frequent 
ruptures  of  couplings,  and  for  that  reason  automaticity  seems  to  us 
made  necessary  by  that  kind  of  brake."  It  was  possible  that  the 
author  had  not  seen  M.  Marie's  complete  Eeport,  as  some  very 
incomplete  and  incorrect  translations  of  that  Eeport  had  been 
circulated  in  this  country. 

He  was  prepared  to  give  a  large  number  of  instances,  compiled 
from  the  Board  of  Trade  returns,  as  to  the  value  of  automatic  action, 
showing  that  it  had  done  excellent  service  in  the  saving  of  life  and 
property.     In  fine,  he  did  not   see  why  anybody  should   object  to 
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automatic  brakes,  any  more  tlian  to  automatic  signals,  wliich  were 
used  upon  all  railways,  and  in  wliich,  wLen  a  wire  broke,  tlie 
signal  went  to  danger.  There  was  a  great  similarity  between  the 
block  system  of  signalling  and  automatic  brakes,  and  also  a  great 
similarity  between  the  old  system  of  signalling  and  non-automatic 
brakes;  and  the  same  arguments  which  had  established  the  block 
system  would,  he  believed,  establish  automatic  brakes  also. 

Sir  Henry  Tyler  had  great  pleasure  in  making  a  few  remarks 
on  this  very  important  subject,  and  the  more  so  because  he  believed 
he  might  himself  be  held  responsible  to  some  extent  for  the  original 
sin — if  such  it  were — of  automatic  action.  During  the  many  years 
in  which  it  had  been  his  duty  to  enquire  into  railway  accidents,  he 
had  paid  special  attention  to  the  question  of  brakes;  and  as  the 
different  continuous  brakes  were  invented,  he  had  examined  them 
and  made  experiments  with  them.  Various  gentlemen  came  to 
him  from  time  to  time  with  their  inventions :  amongst  others 
Mr.  Clark,  whose  very  ingenious  chain  brake  was  still  running, 
he  believed,  on  the  London  and  North  Western  Eailway.  The 
first  thing  he  said  to  Mr.  Clark,  many  years  ago,  was  that,  to 
be  what  it  ought  to  be,  his  brake  should  not  work  in  sections,  but 
throughout  the  train,  and  should  be  automatic,  i.e.  that  it  should  go 
on  of  itself  when  a  separation  occurred  in  the  train,  instead  of  going 
off,  as  it  then  did,  in  the  event  of  the  chain  snapping.  Mr.  Clark 
had  contrived  arrangements  to  meet  this  requirement,  but  the  brake 
was  still  at  work  on  the  London  and  North  Western,  as  an  emergency 
brake,  subject  to  this  serious  defect.  He  had  considered  the  automatic 
principle  to  be  an  essential  element,  because  he  believed  that,  as 
continuous  brakes  came  more  and  more  into  use,  trains  would  be 
run  at  a  greater  speed  up  to  stopping  places,  or  obstructions,  or 
up  to  the  rear  of  other  trains ;  and  any  accident  that  happened,  if  the 
brakes  failed  to  act,  or  were  out  of  order  when  needed,  would 
necessarily  be  more  severe  than  when  trains  were  without  continuous 
brakes.  In  the  same  way,  when  the  vacuum  brake  was  first  brought 
to  him,  he  told  Mr.  Smith  that  he  considered  it  very  ingenious, 
but  that  in  order  that  it  might  be  safe  for  general  use  it  ought  to  be 
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automatic ;  and  he  had  previously  told  Mr.  Westinghouse  the  same 
thing.  He  had  stuck  to  that  principle  from  first  to  last ;  and  all 
his  experience,  since  the  first  invention  of  continuous  brakes,  had 
convinced  him  that  principle  was  right. 

The  paper  under  discussion  was  intended  to  prove  that  there 
was  no  necessity  for  automatic  action.  The  way  in  which  that  was 
sought  to  be  proved  was  very  ingenious  ;  and  after  hearing  the  paper 
read,  and  then  listening  to  what  Mr.  Sanders  had  said  very  properly 
in  reply,  he  began  to  think  that — if  there  were  so  many  failures,  as 
Mr.  Eiches  sought  to  make  out,  in  automatic  brakes ;  and  also  so 
many  failures,  as  Mr.  Sanders  had  pointed  out,  in  non-automatic 
brakes ;  and  if,  as  he  himself  could  call  to  mind,  there  were  also 
a  great  many  failures  in  the  old-fashioned  hand-brakes,  in 
consequence  of  the  stripping  of  the  brake-screw  or  otherwise — it 
would  be  easy,  following  the  same  line  of  argument,  to  write  a 
paper  to  prove  that  it  was  better  to  work  trains  without  any  brakes 
at  all.  But  the  enquiries  in  the  paper,  as  to  accidents  of  a 
particular  class,  had  been  confined  to  the  year  1878.  Now  he 
supposed  that  nobody  had  had  more  experience  than  himself  in 
looking  through  reports  of  accidents,  analysing  them,  and  tabulating 
their  general  results  ;  and  he  knew  how  much  might  be  made  of 
them  in  one  way  or  another,  unless  they  were  looked  at  impartially, 
and  with  a  judicial  eye.  Now  it  was  not  wise  or  fair  in  a  matter  of 
that  sort  to  be  guided  by  the  results  of  one  year  only,  even  if 
those  results  were  accurately  ascertained ;  and  he  was  quite  sure 
that,  if  he  had  the  opportunity  of  taking  Mr.  Eiches  carefully 
through  the  accidents  of  that  year,  one  by  one,  the  result  would  be 
very  different  from  what  had  been  stated  in  the  paper.  He  had  had 
many  years'  experience  in  the  working  of  railways,  and  had  had 
occasion  to  go  into  those  matters  very  closely.  He  had  long 
since  taken  the  trouble  to  go  through  most  carefully,  for  his  own 
information,  every  report  of  every  investigated  accident  during 
several  years  ;  and  he  had  drawn  up  the  Table  of  results  given 
below,  which  had  not  been  previously  published. 
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Tahle  a 

. — Analysis  of 

Train  Aocidknts. 

Total 
invosti- 

CONTI 

NUOIJH   BliAKKS    KKQUtKKD. 

Year. 

natod 

Under 

Under 

With 

Automatic 

Action. 

Kemarks. 

Train 
Accideuts. 

control 
of 

control 
of 

Total. 

drivers. 

guards. 

1870 

122 

85 

4 

13 

102 

1871 

IGO 

102 

8 

12 

122 

1872 

238 

163 

15 

10(a) 

188 

(a)  Including  Kelvedon, 
G.E.R.,  1  killed,  16  injured. 

(b)  Including        Wigan, 

1873 

241 

147 

14 

18(b) 

179 

L.N.W.R.,  13  killed,  30 
injured. 

1874 

168 

100 

14 

12(c) 

126 

(c)  Including  Shipton, 
G.W.R.,  34  killed.  65 
injured.* 

1875 

161 

92(e) 

11 

20(d) 

123 

(d)  Including  Scot's  Gap, 
N.B.R.,  3  killed,  25  injured. 

(e  Including  Bathampton, 
G.W.R.,  2  killed,  8  injured. 

1876 

144 

87 

9 

16(f) 

112 

(f)  Including  Long  Ash- 
ton,  G.W.R.,  2  killed,  14 
injured. 

Total 

1234 

776 

75 

101 

952 

Average 
of  7  years 

176 

110-9 

10-7 

14-4 

136 

Per  cent. 

100 

63 

6 

8 

77 

*  This  accident  also  showed  the  need  of  the  two  other  requirements. 
This  Table  showed,  for  instance,  that  in  1870,  out  of  a  total  of 
122  accidents  which  were  investigated  by  the  Board  of  Trade,  102 
accidents  proved  more  or  less  the  necessity  for  continuous  brakes. 
He  had  gone  through  each  of  those  102  cases,  to  ascertain  the 
relative  number  in  which  it  was  important  that  the  brake  should  be 
under  the  control  of  the  engine  driver,  or  of  the  guard,  or  how 
many  of  them  pointed  especially  to  the  necessity  for  automatic 
action ;  and  he  found  that  there  were  85  cases  of  the  first  kind,  4  of 
the  second,  and  13  of  the  third.  A  similar  analysis  was  made  for 
each  of  the  succeeding  years  to  1876,  and  an  average  was  given  of 
the  whole.  He  thought  this  Table  was  the  best  reply  he  could 
possibly  make  to  the  inference  in  the  paper,  that  in  the  one  year 
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on  which  Mr.  Kiches  had  made  partial  enquiries,  sometimes  from 
interested  or  prejudiced  sources,  there  were  certain  results  which 
rather  showed  that  brakes  would  be  better  without  than  with 
automatic  action. 

Now  the  necessity  for  automatic  action  arose  from  a  variety  of 
considerations.      There   was,   as  Mr.  Sanders   had   mentioned,   the 
"tell-tale"    consideration,   which  was  one  of   the  most  important. 
It  was  altogether  a  wrong  principle  to  employ  a  continuous  brake, 
which  might  at  any  time  be  out  of  order  without  the  knowledge  of 
the  engine-driver  or  the  guard,  and  which,  when  the  driver  wanted 
to    stop,  whilst   running  perhaps  at   full    speed,  or   in   a   case   of 
emergency,  might  suddenly  fail  him,  and  only  then  show  him  that 
there  was  no  stopping  power  left,  just  when  he  most  required  it.    It 
was  desirable,  on  the  contrary,  if  continuous  brakes  were  to  be  used, 
that  the  guards  and  the  drivers,  who  had  to  work  them,  should  be 
provided  with  the  means  of  at  once  detecting  when  they  were  out 
of  order,  and  be  enabled  to  adopt  the  necessary  precautions  for  the 
safety  of  the  train.     But  it  was  still  further  desirable  that  in  such 
cases  the  brake  itself  should  persistently  refuse  to  go  off  the  wheels, 
until  it  had  been  put  right  for  the  journey.     A  complaint  had  been 
made  to  him  the  other  day  respecting  a  detention  of  ^  hour,  on  a 
railway  where  the  Westinghouse  brake  was  employed.      The  train 
was  an  important  express,  and  great  complaint  was  made  on   the 
subject.      When  he   looked  into  the  matter,  he  found  that  a  pipe 
had  burst,  and  the  brake  had  then  properly  put  itself  on ;  and  the 
men  in  charge,  not  being  as  experienced  as  they  might  have  been, 
and  not  knowing  how  to  manage  matters,  took  some  time  before  they 
found  out  how  to  correct  the  defect.     He  therefore  told  the  company 
that  this  was  a  good  illustration  of  the  very  best  point  about  the 
brake ;  if  the  train  had  proceeded  without  warning  when  the  brake 
was  out  of  order,  that  would  have  been  dangerous ;  but  the  brake 
had  insisted  on  refusing  to  go  off  until  it  was  set  in  order,  and  that 
was  quite  right.      That  was  the  true  principle  of  tell-tale   action 
referred  to  by  Mr.  Sanders. 

The   experience    of  railway   working   furnished    many   terrible 
accidents,  arising  from  cases  where  one  part  of  a  train  had  become 
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dctacLcd  from  the  other,  which  Mr.  Eiches  had  ignored,  and  did  not 
seem  to  be  aware  of.  In  those  cases  the  safety  of  life  and  limb 
depended  sometimes  upon  the  instantaneous  action  of  the  brake. 
Two  of  the  most  fatal  accidents  that  had  occurred  in  this  country- 
were  those  at  Helmshore,  on  the  East  Lancashire  Railway,  and  at 
Eound  Oak,  on  tlie  Oxford  Worcester  and  Wolverhampton  Railway. 
Both  of  those  accidents  arose  from  the  fractures  of  couplings  on 
excursion  trains,  mounting  steep  gradients  and  stopping  at  stations. 
In  each  of  these  cases,  which  were  similar  to  one  another,  as  the 
train  started,  the  hinder  part  broke  away  and  ran  back  down  the 
incline,  and  there  was  an  enormous  loss  of  life.  Those  were  cases 
which  above  all  required  automatic  action  in  a  brake. 

As  to  the  regular  working  of  automatic  brakes,  particularly  that 
of  Mr.  Westinghouse,  he  had  had  the  opportunity  of  running 
backwards  and  forwards  with  it,  every  day  for  many  months,  between 
London  and  Colchester ;  and  he  could  speak  from  experience,  both 
as  to  the  value  of  the  brake,  because  he  had  seen  a  collision  avoided 
by  it,  and  also  as  to  its  working  without  any  interruption  or  difficulty, 
except  such  as  might  be  expected  from  the  best  piece  of  machinery. 
He  had  often  thought  that,  if  locomotive  superintendents  had  to 
record  the  number  of  failures  in  their  engines,  and  these  were 
similarly  reported  to  the  Board  of  Trade  and  laid  before  Parliament, 
it  would  be  found  that  they  very  much  exceeded  in  number  the 
failures  of  brakes  in  the  course  of  the  year.  Still  it  was  quite  right 
that  attention  should  be  directed  to  the  failures  in  question,  and 
that  engineers  and  others  should  do  all  they  could  to  prevent 
their  occurrence.  What  had  been  said  however  on  the  question  of 
some  of  the  reported  failures  being  in  reality  successes  was 
exceedingly  important,  because  it  had  not  been  sufficiently 
distinguished  in  the  Board  of  Trade  returns,  which  were  failures 
leading  to  danger,  and  which  were  successes,  as  tending  to  prevent 
risk.  When  it  was  stated  that  a  certain  number  of  failures  had 
occurred  in  a  certain  year,  it  ought  to  be  stated  which  of  these  might 
have  led  to  disaster,  and  which  were  really  successes,  as  showing  that 
the  brake  was  not  working  properly,  and  must  be  put  in  order  before 
the  train  was  allowed  to  proceed. 
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Mr.  K.  Price  Williams,  as  an  anxious  and  disinterested  watcher 
of  the  prohlem  which  had  been  so  carefully  discussed,  ventured  to 
suggest  that  it  was  impossible  to  answer  the  question  asked  in  the 
paper  from  the  data  that  had  been  given.     In  Table  IV.,  which  was 
a  summary  of  the  preceding  Tables,  he  had  been  exceedingly  puzzled 
how  to  get  at  the  prime  factor,  which  should  serve  as  a  guide  in 
arriving  at  the  percentage  of  accidents  recorded.     He  was  told  by 
the  author  that  it  would  not  answer  to  sum  up  the  items  of  each 
horizontal  line  (omitting  only,  as  he  naturally  should  be  disposed  to 
do,  the  number  of  times  when  the  brake  applied  itself),  in  order  to 
get  the  number  given  as  "  Total  recorded  failures ; "  but  that,  for 
instance,  a  case  which  appeared  under  the  heading  "  Faults  of  Men  " 
in  column  (3)  might  also  appear  under  another  heading  in  column  (4). 
However  he  gathered  roundly,  taking  the  Westinghouse  brake,  that 
the  number  of  times  the  brake  applied  itself  was  about  10  per  cent, 
of  the  total  number  of  failures  ;   which  was   about  the  percentage 
given  by  Sir  Henry  Tyler  for  the  accidents  that  might  have  been 
prevented  by  the  use  of  an  automatic  brake.     Taking  the  Sanders 
brake,  the  number  of  failures  were  so  few   that,  when   reduced  to 
the  form  of  a  percentage,  they  really  constituted  no  guide  at  all  as 
to  any  average  results.     Taking  the  Smith  vacuum  brake,  he  noticed 
the   rather   striking   fact,   that   the   number   of  times   when   trains 
overran  the  station  formed  a  very  large  percentage  of  the  failures. 
He  found  that  out  of  its   264  recorded  failures  as  many  as  22,  or 
more  than  8  per  cent.,  arose  from  the  very  serious  and  grave  fault 
of  over-running  stations.     In  the  case  of  the  Sanders  brake,  the  ratio 
was  as  much  as  11  per  cent.;  but  in  the  case  of  the  Westinghouse 
brake   it   was  less   than    5    per   cent.      So   far  as  he   was  able   to 
analyse  cursorily  the  results  given  in  \he  Tables,  he  saw  nothing, 
for  his  own  part,  to  justify  him  in  coming  to  the  same  conclusion 
as  the  author,  viz.  that  the  automatic  system  was  not  deserving  of 
use.    On  the  contrary,  in  his  own  experience  he  had  seen  accidents 
similar  to  those  that  had  been  mentioned — one  notably  with  a  train 
on  the  Buxton  and  New  Mills  line,  which  ran  back  and  broke  in  two 
— where,  by  the  simple   action  of  an   automatic    brake,    the  train 
would  have  been  arrested.     A  full  consideration  of  the  great  dangers 
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attending  this  class  of  accident  had  led  him  to  the  conclusion  that 
engineers  must  apply  thcmsolves  to  the  problem  of  making  brakes 
continuous  and  automatic. 

M.  David  Banderali  observed  that  some  of  the  railway  engineers 
in  France  were  disposed  to  accept  automatic  contrivances,  but  only 
provided  they  were  specially  simple  and  reliable  in  practical  use. 
He  thought  the  principal  objection  to  automatic  action,  both  in 
France,  and  also  perhaps  on  some  lines  in  England  where  the  absolute 
block  system  was  not  in  use,  was  precisely  the  tendency  of  the 
automatic  brake  to  stop  a  train  in  the  middle  of  its  journey,  when 
something  went  wrong  with  the  fittings.  To  this  all  the  traffic 
managers  and  superintendents  of  the  lines  objected  very  strongly. 
On  his  own  line,  the  Northern  of  France,  they  had  succeeded  in 
finding  a  mode  by  which  the  passengers  would  have  the  power  of 
stopping  the  train ;  but  great  objection  was  made  to  the  system  by  the 
superintendent  of  the  line  and  the  traffic  manager,  and  this  power 
was  accordingly  placed  only  in  the  hands  of  the  guards.  It  would 
be  just  the  same,  should  the  brake  itself  stop  the  train  instead  of 
the  passenger.  He  thought  this  would  form  a  great  obstacle  for 
the  present,  on  all  lines  where  the  block  system  was  not  yet  in  use, 
because  in  such  cases  a  train  stopping  in  the  middle  of  its  journey 
was  a  source  of  serious  danger.  If  an  automatic  brake  could  be 
devised,  which  would  only  warn  the  driver  that  it  was  out  of  order, 
instead  of  stopping  the  train,  he  was  sure  there  would  then  be  less 
objection  to  automatic  action  than  there  was  now. 

Mr.  Alex.  McDonnell  considered  there  was  a  great  deal  to  be 
said  in  favour  both  of  automaCtic  and  of  non-automatic  action.  The  real 
question  was,  he  thought,  whether  automatic  action,  as  developed  at 
present,  was  not  being  purchased  at  too  great  a  cost,  and  by  means 
of  an  amount  of  complication  in  the  machinery  which  was  of  doubtful 
advantage,  on  account  of  the  number  of  accidents  that  arose  from  it. 
He  thought  that  Mr.  Sanders  was  somewhat  unfair  in  counting  the 
parts  of  his  brake.  He  himself  did  not  exactly  understand  how  a 
piston  and  a  cylinder  could  make  up  one  thing :  it  seemed  to  him 
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they  were  two  things,  and  that  by  counting  in  that  way  all  sorts 
of  results  might  be  arrived  at.  Mr.  Sanders  commented  upon  a 
case  at  Mill  Hill,  of  a  train  running  through  a  station  at  the  rate  of 
forty  miles  an  hour,  because  the  brake  did  not  act  properly. 
Certainly  the  driver  must  have  been  very  slow  about  his  work,  if, 
from  the  time  he  found  the  brake  would  not  go  on,  he  did  not  put  his 
hand-brake  on,  and  retard  the  train  to  some  extent.  If  the  continuous 
brake  became  useless,  the  driver  at  least  was  not  worse  off  than  if  he 
had  no  continuous  brake  at  all,  and  depended  upon  his  hand-brake 
only.  He  thought  it  was  also  unfair  to  suggest  that  the  writer  of 
the  paper  was  comparing  one  favourite  brake  against  three.  If 
he  had  compared  it  with  a  single  brake  picked  out  of  those  three,  he 
would  have  been  taxed  with  unfairness  in  making  a  selection  of  one 
bad  brake,  while  the  others  were  exceedingly  good. 

The  question  of  rating  the  value  of  a  brake  by  the  number  of  its 
failui-es  was  one  of  extreme  difficulty.  He  dared  say  that  many 
engineers  in  the  same  position  as  himself  had  had  considerable 
difficulty  in  deciding  exactly  what  constituted  a  failure,  and  whether 
they  ought  to  report  a  certain  case  to  the  Board  of  Trade  or  not. 
There  were  some  things  in  the  Tables  which  pointed  to  that  difficulty. 
Looking  at  Table  III.,  for  the  half-year  ending  June  1879,  it  would 
be  found  that  the  London  and  Brighton  Company  had  reported  a 
failure  with  the  Westinghouse  brake  for  every  2992  miles  run ;  but  on 
referring  to  Table  II.,  it  would  be  found  that  in  the  half-year  ending 
December  1878  they  had  reported  no  failures  at  all.  He  took  it  for 
granted  that  the  Brighton  Company  did  not  get  all  their  brakes  put 
on  in  the  six  months ;  and  there  surely  must  have  been  some  failures 
in  the  first  half-year,  when  there  was  such  a  vast  number  in  the 
second.  The  discrepancy  must  therefore  have  arisen  from  some 
misconception  in  the  way  in  which  the  Brighton  Company  reported 
their  accidents.  For  his  own  part  he  had  had,  in  one  or  two 
cases,  very  considerable  difficulty  in  making  up  his  mind  as  to  whether 
accidents  should  be  reported  or  not.  If  a  brake  did  not  go  on,  it  did 
not  generally  cause  an  accident,  and  there  would  be  no  delay  at  the 
station.  Again,  if  a  pin  came  out  of  a  brake  block,  it  was  no  accident, 
and  it  would  not  cause  a  delay  at  the  station  ;  the  driver  simply  got 
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down  and  i)iit  the  pin  back  again.  In  one  case  that  might  he  reported 
as  a  failure,  and  in  another  case  it  might  not  be  reported  at  all  ;  so 
that  there  was  a  great  deal  of  difficulty  in  the  matter. 

With  respect  to  many  of  these  failures,  particularly  those 
connected  with  the  brake  gearing,  he  believed  they  were  often  caused 
by  a  very  rough  use  of  the  brake  by  the  drivers.  Unfortunately 
rapid  stoppages  had  too  often  been  considered  the  one  and  only 
test  of  the  excellence  of  a  brake ;  and  therefore  enginemen  had  got 
into  the  habit  of  bringing  their  trains  to  a  stop  much  more  quickly 
than  was  needful.  He  found  that  a  train  having  all  the  carriages 
fitted  with  the  vacuum  brake,  and  running  at  40  miles  an  hour, 
could  be  stopped  in  less  than  the  distance  usually  required  for  hand- 
brakes, without  ever  using  more  than  three  inches  ol  vacuum.  It 
would  be  a  great  improvement  in  the  everyday  use  of  brakes,  to  fix  a 
limit  to  the  power  to  be  used  for  ordinary  stoppages,  reserving  the 
full  power  for  emergencies.  He  had  not  any  practical  experience  in 
the  use  of  automatic  brakes  ;  but  he  thought  the  vacuum  brake  could 
more  easily  be  applied  gently,  by  an  ordinary  driver,  than  any  of  the 
automatic  brakes. 

Mr.  Joseph  Tomlinson,  Jun.,  said  his  opinion  on  this  matter  had 
been  so  often  stated  that  he  had  very  little  further  to  add.  He  had 
been  present  at  many  brake  trials,  but  had  seen  nothing  yet  to  cause 
him  to  alter  his  original  opinion,  that  a  simple  brake  of  a  powerful 
kind,  in  the  hands  of  the  driver,  was  the  best  at  present  to  be 
obtained.  He  was  not  satisfied  that  any  of  the  present  automatic 
brakes  were  to  be  trusted.  What  might  be  brought  out  in  the  futui-e 
he  did  not  know.  He  was  quite  satisfied  with  the  brake  he  had 
himself  adopted,  namely  the  Smith  vacuum  brake.  Between  seven 
and  eight  million  stoj)pages  had  been  made  with  it  in  five  and  a 
half  years,  and  no  accident  had  occui-red  by  its  failure.  At  the 
same  time  he  should  be- happy  to  have  a  better,  if  he  could  get  it. 

Mr.  D.  M.  Yeomans  thought  the  time  had  come  when  opinions 
must  give  place  to  facts ;  and  on  that  ground  he  thought  Mr.  Pdches 
had  the  best  of  it.     With  regard  to  the   Smith  vacuum  brake   he 
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would  only  say  that,  whether  in  the  automatic  or  non-automatic 
form,  he  believed  it  was  the  most  simple  and  reliable  arrangement 
now  extant.  The  Board  of  Trade,  in  asking  for  railway  returns 
every  six  months,  seemed  to  him  to  be  doing  a  very  wise  act. 
Whatever  stage  of  perfection  had  been  reached  at  the  present  time 
in  railway  working,  had  been  reached  through  experience ;  and  he 
thought  the  same  stage  of  perfection  would  be  arrived  at  in  continuous 
brakes,  through  the  experience  of  the  railway  men  to  whom  the  question 
must  be  left. 

Mr.  George  Westinghouse,  Jun.,  referring  to  the  Tables,  said 
he  was  quite  at  a  loss  to  understand  why  the  totals  added  up  in  one 
way  were  so  different  from  those  added  up  in  the  other  way.  Thus  in 
Table  IV.  the  Sanders  brake  had  a  total  given  of  100  failures ;  but 
where  the  accidents  were  separated  in  various  ways,  the  total  came  up 
to  154.  With  the  Smith  brake  261  failures  was  the  total  one  way, 
and  307  the  other  way  ;  while  in  the  case  of  the  Westinghouse  brake 
341  was  the  number  given  in  one  way,  whereas  the  total  the  other 
way  came  to  549  :  showing  there  was  some  very  singular  way  of 
arranging  the  various  failures. 

He  would  ask  permission  to  give  the  opinion  of  Mr.  Stroudley, 
of  the  London  and  Brighton  Eailway,  who  was  not  able  to  be 
present,  but  had  written  a  letter  on  the  subject.  In  this  he 
remarked : — 

"Previous  to  the  introduction  of  the  continuous  brake  on  this 
line,  we  had  very  excellent  arrangements  of  steam-  and  hand-brakes, 
which  would  pull  up  a  train  very  quickly  ;  but  the  want  of  automatic 
action  in  the  case  of  a  train  getting  off  the  line,  or  breaking  loose,  or 
from  any  other  cause,  had  such  weight  with  the  company  that  it  was 
unanimously  agreed  on  the  part  of  all  the  officers  concerned  in  the 
working  of  the  trains,  as  also  the  manager  and  directors,  that  the 
Westinghouse  automatic  air-brake  was  the  most  perfect  brake  that 
had  yet  been  devised ;  and  it  was  accordingly  adopted,  and  will  be 
applied  to  the  whole  of  this  company's  stock.  We  have  now  about 
100  locomotives  and  about  630  carriages  fitted,  and  we  are  pushing 
this  work  as  fast  as  possible. 
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"Our  difficulties  and  so-called  failures  have  really  not  been 
failures,  in  the  sense  of  the  inefficiency  of  the  brake  to  stop  the  train  ; 
but  have  merely  been  slight  hindrances  to  the  traffic  by  reason  of 
trifling  defects,  princijmlly  in  the  want  of  knowledge  on  the  part 
of  the  staff  as  to  the  working  ;  and,  to  a  certain  extent,  in  some  of 
the  details  of  the  small  pipes,  which  we  have  discovered  and 
rectified.  There  has  also  been  some  considerable  trouble  wdth  the 
original  form  of  triple  valve  ;  this  however  has  also  been  cured  of  its 
defects,  and  we  have  no  trouble  with  the  new  kind,  which  have  the 
advantage  also  of  being  simpler  than  the  original  ones.  I  have 
only  one  instance  on  record,  and  that  of  a  pin  getting  lost  out  of  the 
brake  gear,  as  a  failure  of  the  brake  apparatus  itself,  during  the 
whole  of  the  time  it  has  been  at  work ;  and  this  was  discovered 
before  the  train  had  started,  causing  a  delay  of  two  minutes  only. 
Every  incident  that  occurs  to  the  brake  on  this  railway  is  duly 
reported,  even  when  it  arises  only  from  the  guard  opening  the  tap  in 
his  van,  out  of  curiosity  or  by  carelessness." 

Owing  to  the  very  great  differences  of  opinion  on  the  brake 
question,  he  thought  that  railway  officials  could  hardly  be  expected 
to  come  out  very  decidedly,  on  such  an  occasion  as  this,  in  favour  of 
any  particular  brake.  During  his  six  months'  absence  from  this 
country  he  had  had  a  good  deal  to  do  with  the  brake  in  the  United 
States ;  and  there  was  hardly  a  company  using  a  non-automatic  brake 
that  was  not  now  negotiating  with  him  to  exchange  it  for  the 
automatic  brake,  although  the  cost  of  the  change  was  as  great  as 
the  original  cost  of  applying  either  his  old  form  or  the  Smith  vacuum 
brake.  That  would  speak  for  the  value  of  the  principle  more  than 
anything  else  he  could  then  say.  The  work  of  his  firm  on  this 
side,  in  introducing  automatic  brakes,  had  been  an  up-hill  fight :  but 
their  business  on  the  Continent  during  the  past  year  had  increased  to 
an  enormous  extent,  and  he  believed  the  reason  was  that  the  brakes 
were  automatic.  If  he  had  to  rely  upon  a  non-automatic  brake,  he 
should  simply  drop  the  undertaking  ;  because,  though  non-automatic 
brakes  might  be  adopted  for  a  certain  period,  he  was  sure  they  would 
all  be  changed  eventually  into  automatic  brakes.  When  he  was  first 
introducing  his  non-automatic  brake  in  1872,  he  had  tried  to  argue  with 
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Sir  Hcniy  Tjler  that  if  the  couplings  were  made  strong  enougli  they 
would  not  break ;  but  lie  found  engineers  would  not  adoi)t  bis  brake, 
simply  because  of  the  liability  to  fail  without  warning,  and  because 
of  the  serious  accidents  that  might  then  occur,  when  the  driver  was 
depending  upon  his  brake.  M.  Banderali  had  suggested  one  point 
which  he  would  give  anything  to  accomplish:  namely  to  make  a 
brake  which,  when  it  got  out  of  order,  would  make  the  fact  known 
without  putting  itself  on.  If  M.  Banderali  could  succeed  in  that,  he 
would  confer  on  the  railway  world  an  altogether  incalculable  benefit. 

Capt.  Charles  Fairholme  asked  leave  to  point  out  an  error 
on  the  part  of  the  Board  of  Trade,  to  which  he  had  called  their 
attention,  namely  that  the  Heberlein  brake,  which  he  represented, 
had  not  been  classed  in  the  First  Division  as  fulfilling  all  requirements, 
and  therefore  not  amongst  those  of  which  Mr,  Kiches  had  taken  notice 
in  his  paper.  It  was  put  in  as  complying  only  in  part  with  the  Board 
of  Trade  requirements,  because  it  was  sectional ;  but  he  had  pointed 
out  that  the  sections  were  for  convenience  only,  not  of  necessity,  and 
that  it  complied  in  reality  with  every  portion  of  the  requirements  ;  as 
was  stated  by  the  railway  using  it,  the  Maenclochog  line  in  South 
Wales,  where  it  had  been  working  regularly  for  three  years  over 
gradients  of  1  in  27.  He  might  mention  that  the  Heberlein  brakes, 
as  now  being  largely  fitted  in  Germany,  were  exactly  on  the  opposite 
principle  to  that  of  the  English  friction  brakes.  Instead  of  the  driver 
pulling  a  rope  to  put  the  brakes  on,  he  now  took  the  brakes  ofi"  by 
the  rope,  and  applied  them  by  slacking  it.  Consequently  the  brakes 
in  their  normal  state  were  always  on;  and  instead  of  telling  the 
driver,  when  he  was  going  forty  miles  an  hour,  that  something  was 
wrong,  they  would  not  let  him  get  away  from  the  platform  unless 
everything  was  right.  Thus  the  brake  was  in  every  way  automatic, 
because  it  put  itself  on  unless  it  was  intentionally  kept  off,  and  because 
it  applied  itself  the  moment  a  coupling  broke. 

Mr.  EicHES  in  reply  said  it  was  a  mistake  to  suppose  that  he 
objected  altogether  to  automatic  action.  He  did  not  object  to 
automatic  action  when  it  could  be  obtained  without  what  appeared 
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to  him  an  excessive  loss  on  the  other  side,  through  additional 
attachments  and  apparatus;  and  he  thouglit  the  last  paragra^jh 
in  the  paper  sufficiently  showed  that  that  was  really  his  opinion. 

He  would  first  take  the  remarks  of  Mr.  Sanders,  who  had  objected 
to  the  failures  of  the  three  descriptions  of  automatic  brakes  being 
added  up  together  for  comparison ;  but  in  the  Tables  the  failures 
and  mileage  run  for  each  brake  were  given  separately,  which  was 
surely  sufficient.  The  next  point  raised  by  Mr.  Sanders  was  that 
the  paper  had  omitted  to  show  the  cases  in  which  the  brakes  failed 
to  act  when  required.  In  the  case  of  the  non-automatic  brake, 
that  was  shown  by  the  number  of  times  the  brake  was  rendered 
useless;  but  with  the  automatic  brakes  it  was  not  shown  so  fully. 
For  with  the  non-automatic  brake,  the  period  during  which  it  was 
rendered  useless  rarely  exceeded  the  time  it  took  to  reach  the  next 
station,  since  a  leaky  joint  could  easily  be  made  good  against  the 
external  pressure  of  the  atmosphere,  which  was  all  that  was  needed. 
But  w^hen  an  automatic  brake  was  rendered  useless,  especially  one 
w^orking  by  pressure,  it  almost  invariably  remained  so  until  the  train 
was  taken  to  the  repairing  shed.  Thus  every  stop  the  train  had  to 
make,  between  the  time  when  the  brake  was  rendered  inoperative  and 
the  time  of  reaching  the  repairing  shed,  was  in  reality  an  occasion 
on  which  the  brake  failed  to  work,  though  these  were  not  given  in 
the  Board  of  Trade  returns,  or  in  the  paper. 

He  fully  admitted  the  value  of  the  "tell-tale"  principle,  as 
contended  for  by  Mr.  Sanders ;  but  the  Board  of  Trade  circular  said 
the  brake  should  be  self-acting  in  case  of  accident,  not  merely  in  case 
of  accident  to  tJie  hrake  itself;  and  he  maintained  that,  without  a 
separation  of  the  train,  this  automatic  action  could  not  come  into 
force,  except  in  cases  when  some  part  of  the  brake  itself  became 
defective.  He  also  held  that  the  enormous  number  of  cases  in  which 
automatic  brakes  had  become  defective  (of  which  some  had,  and  some 
had  not,  been  indicated  automatically)  very  forcibly  pointed  out  that 
complicated  automatic  brakes  were  far  more  difficult  to  keep  in  repair, 
and  consequently  far  more  likely  to  be  out  of  order,  than  the  simpler 
non-automatic  arrangements.  Mr.  Sanders  had  quoted  the  Shipton 
and  Wigan  accidents  as  additional  cases  of  trains  parting ;  but  both 
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those  accidents  were  prior  to  the  date  from  which  he  had  started 
his  enquiry;  and  his  reason  for  starting  in  1878  was  because  it 
was  the  first  year  that  the  Board  of  Trade  returns  gave  this  class 
of  information,  and  hence,  as  it  appeared  to  him,  the  year  that 
would  give  the  best  results  as  to  all  the  brakes. 

Mr.  Sanders  had  next  pointed  out  that  there  were  107  instances 
of  pipe-couplings  being  undone  with  the  Smith  brake;  but  such 
a  defect  affected  the  efficiency  of  that  brake  to  a  very  small 
extent,  so  that  the  lack  of  intimation  to  the  driver  of  such 
defects  was  not  worth  consideration.  Mr.  Sanders  added  that,  "  any 
of  those  separations  of  couplings  might  have  led  to  very  serious 
consequences."  This  was  certainly  taking  a  most  extreme  view  of 
the  case,  as  he  himself  had  known  the  dividing  of  pipe-couplings  to 
happen  on  trains  working  down  an  incline  of  1  in  40,  and  the  train 
to  be  pulled  up  with  perfect  ease  at  the  platform  at  the  immediate 
foot  of  the  incline;  showing,  in  his  opinion,  that  such  fears  were 
entirely  without  foundation. 

Mr.  Sanders  had  next  objected  to  his  own  brake  being  included 
with  the  other  automatic  brakes,  because  it  was  only  rendered 
useless  on  one  occasion;  here  again  he  might  point  out  that  each 
brake  was  shown  separately  in  the  Tables,  so  that  there  was  no  real 
cause  of  complaint.  As  to  the  case  at  Mill  Hill,  he  agreed  with 
Mr.  McDonnell  that  the  driver  must  have  been  to  blame.  The 
distant  signals  there  were  at  a  very  considerable  distance  from  the 
home,  and  if,  on  passing  them  at  danger,  the  driver  had  applied  his 
hand-brakes  and  whistled  for  the  train-brakes,  he  should  very  nearly, 
if  not  quite,  have  stopped  his  train  before  reaching  the  home  signals. 

Next  Mr.  Sanders  took  exception  to  the  statement  that  there 
were  double  the  number  of  parts  in  automatic  brakes  that  there 
were  in  the  Smith  brake ;  and  went  on  to  enumerate  thirteen  parts  for 
the  Smith  brake,  and  seven  only  for  his  own.  But  he  had  omitted 
to  count  the  fittings  of  his  own  brake  in  the  same  minute  way  as  he 
treated  the  Smith  brake.  The  following  was  the  ordinary  method 
of  counting  parts  in  these  brakes : — for  the  Smith  brake,  one 
collapsing  sack,  two  lines  of  iron  pipes,  and  four  hose  with  couplings, 
seven  parts  in  all ;  for  the  Sanders  brake,  two  cylinders,  two  pistons, 
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one  lino  of  iron  pipe,  two  lioso  with  couplingR,  and,  in  addition  to  the 
ordinary  brake  gear  used  with  the  Smith  brake,  one  rocking  lever,  one 
additional  connecting  link,  one  balance  weight,  one  connecting  pipe 
between  the  two  cylinders,  and  one  clieck-valve  to  prevent  the  return 
of  air  into  the  pull-on  cylinder ;  or  twelve  parts  in  all.  Added  to 
this  there  was  upon  each  engine  an  air  pump,  with  the  necessary 
valves,  cocks,  and  attachments,  in  addition  to  the  ejector,  &c.,  which 
last  was  common  to  the  Sanders  and  the  Smith  brake. 

With  regard  to  the  relative  merit  of  the  automatic  and  non- 
automatic  brakes  for  working  down  inclines,  he  was  convinced  of  the 
accuracy  of  the  remarks  in  the  paper  under  this  head,  from  his  own 
careful  observations  upon  engines  working  trains  down  inclines,  both 
with  the  Smith  brake  and  with  two  of  the  automatic  brakes  named. 
He  had  noticed  that,  when  the  latter  were  in  perfect  order,  they 
worked  fairly  well ;  but  on  trains  which  had  been  fitted  with  the 
brakes  for  some  considerable  time,  he  had  observed  that  the  power, 
which  should  be  maintained  to  keep  the  brake  on,  decreased  rapidly 
through  leakage  during  the  operation.  To  recover  this  power,  the 
brake  had  temporarily  to  be  released,  which  would  be  seen  at  once 
to  be  a  most  objectionable  feature ;  for  of  course,  unless  the  hand- 
brakes could  be  used,  the  train  had  to  run  without  a  brake  during 
the  time  that  this  process  of  recovery  was  going  on. 

He  would  now  turn  to  Mr.  Gutch,  who  had  appeared  to  defend 
the  Westinghouse  brake.  He  admitted  the  apparent  discrepancy 
noticed  by  that  gentleman  between  the  title  and  the  contents  of  the 
paper.  He  had  noticed  it  himself,  and,  but  for  unavoidable 
circumstances,  the  title  would  have  been  altered  as  follows : — On  the 
practical  value  of  Automatic  Action,  as  at  present  applied  in 
continuous  Railway  Brakes :  which  would  have  removed  the 
objection.  As  he  had  throughout  maintained,  his  objection  was  not 
to  automatic  action,  but  to  the  comj)licated  automatic  brakes  now  in 
use. 

Mr.  Gutch  had  next  suggested  that  the  comparison  of  failures 
drawn  in  the  paper  would  cut  both  ways,  as  the  brakes  of  Messrs. 
Fay  and  Newall  had  no  failures  recorded  against  them  in  the  Board  of 
Trade    returns ;    but   his   reply    was    that   those  brakes   were   not 
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really  continuous,  but  merely  sectional,  and  that  they  did  not  fulfil 
the  Board  of  Trade  requirements  at  all.  In  addition,  as  stated 
in  the  early  part  of  the  paper,  he  had  only  taken  the  Smith  brake 
as  a  representative  of  the  non-automatic  side  of  the  question. 

Next  Mr.  Gutch  had  objected  to  the  suggestion  No.  I.,  on  page  101  of 
the  paper,  as  to  comparing  the  number  of  accidents  in  which  automatic 
action  had  either  prevented  or  mitigated  disaster,  and  the  number  of 
accidents  caused  by  defects  in  automatic  attachments ;  and  said  that 
if  an  accident  had  been  prevented  it  was  not  recorded  at  all.  But  if 
Mr.  Gutch  had  carefully  read  the  paper,  it  would  have  shown  him 
that  the  instances  where  automatic  action  had  had  an  opportunity  of 
showing  its  merits  were  enumerated,  and  also  those  where  it  was 
possible  for  benefit  to  have  arisen  from  its  presence  ;  and  as  to  there 
being  no  report  of  instances  where  automatic  action  had  prevented 
accident,  he  would  ask  in  what  instances  an  automatic  brake  could 
prevent  a  collision,  while  a  non-automatic  brake  could  not, 
excepting  of  course  when  a  train  became  separated ;  and  under 
what  circumstances  such  an  accident  as  a  train  becoming  separated 
was  not  reported  to  the  Board  of  Trade.  This  point  should  be 
clearly  understood,  for  Mr.  Gutch  seemed  to  imply  that  an  automatic 
brake  could  do  more  than  a  non-automatic  brake.  This  was  not 
so,  with  the  one  exception  of  the  separation  of  trains ;  and  all  such 
separations  should  be  reported  to  the  Board  of  Trade.  Of  course 
the  non-report  of  instances  where  collisions  had  been  avoided 
afiected  all  brakes  without  distinction. 

Next  Mr.  Gutch  had  argued  that  the  better  a  brake  had  fulfilled 
its  duty,  and  prevented  accidents,  the  worse  the  comparison  that 
could  be  made  about  it.  That  was  an  extraordinary  view  of  the 
question,  for  it  would  be  seen  that  the  number  of  failures  formed 
the  whole  basis  of  the  comparisons  in  the  paper;  hence,  when  a 
brake  ran  without  failure,  it  must  show  to  advantage  as  compared 
with  others,  and  not  the  reverse.  Mr.  Gutch  proceeded  to  say  that, 
by  aid  of  an  automatic  brake,  a  railway  might  be  kept  clear  of 
accident  for  a  whole  year,  and  yet  if  there  were  fifty  failures  of 
brake  material  the  paper  would  argue  that  the  brake  had  not 
succeeded.     But  the  paper  did  not  pretend  to  set  up   a   standard 
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of  oxccllenco,  but  only  to  compare  impartially  tlio  working  of 
different  brakes.  For  instance,  if  two  railways  were  taken,  each 
using  a  different  kind  of  continuous  brake,  and  if  each  brake  had 
run  an  equal  number  of  miles  without  collision,  but  in  doing  so  one 
had  a  greater  number  of  failures  in  material  than  the  other,  then  he 
should  certainly  argue  that  the  brake  which  had  the  excess  of  failures 
was  the  less  reliable  and  the  worse  of  the  two. 

In  reference  to  Mr.  Gutch's  remarks  on  the  Board  of  Trade 
requirements  as  to  automatic  action,  he  would  ask  whether  Mr. 
Gutch  believed  that  the  Board  of  Trade,  in  making  those 
requirements,  contemplated  that  a  passenger  train  should  be 
peremptorily  "  pulled  up  "  directly  the  most  minute  defect  showed 
itself  in  any  of  the  details  of  a  brake;  and  should  thus  cause 
detention  in  tunnels  or  other  objectionable  places.  Did  it  not 
rather  appear  that  the  intention  of  the  Board  of  Trade  was  that  the 
brake  should  hold  both  parts  of  a  separated  train,  and,  at  most, 
should  indicate  when  any  serious  defect  occurred  in  the  fittings  ? 
Mr.  Gutch  pointed  out  that  many  accidents  happened  through 
fractured  tyres  &c.,  and  expressed  his  belief  that  the  only  safeguard 
must  necessarily  be  an  automatic  brake.  But  would  he  attempt 
to  say  that  no  non-automatic  brake  could  be  of  equal  service  in  such 
instances,  in  which  it  very  frequently  happened  that  severance  of 
the  train  did  not  occur,  or,  if  it  did,  almost  invariably  not  until 
the  main  damage  was  done  ?  And  the  accidents  quoted  in  the  paper 
showed  that  under  certain  circumstances,  even  where  the  train  did 
separate,  automatic  action  was  practically  of  no  use. 

With  regard  to  cases  of  broken  couplings  not  mentioned  in  the 
paper,  he  had  omitted  that  at  Methley  Junction,  because  the  express 
was  not  properly  a  passenger  train  at  all,  being  chiefly  composed  of 
mixed  trucks.  As  to  the  accident  on  the  Great  Northern  Railway 
of  Ireland,  he  had  not  been  able  to  obtain  sufficient  information  to 
deal  with  it ;  and  the  Kirkgate  accident  was  stated  to  be  due  to  the 
driver  runnino^  at  an  excessive  speed.  With  regard  to  the  Bickley 
accident,  the  experiments  with  the  Westinghouse  brake  on  the  North 
Eastern  Bail  way,  in  July  1879,  showed  that  a  train  could  be  stopped 
from  a  speed  of  51  miles  an  hour  in  207  yards,  and  from  27  miles  an 
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hour  in  68  yards.  On  those  data  the  train  at  Bickley  should  have 
been  reduced  from  45  to  25  miles  an  hour  in  about  140  yards,  and 
should  have  stopped  altogether  in  about  200  yards,  instead  of  having 
a  speed  of  25  miles  an  hour  after  running  215  yards.  Hence  he 
could  not  accept  the  performance  of  the  brake  on  that  occasion  as 
satisfactory. 

Mr.  Gutch  next  endeavoured  to  show  that,  as  couplings  did  break, 
the  suggestions  in  the  paper  as  to  stronger  couplings  were  fallacious. 
Now  the  list  of  defective  couplings  returned  by  the  Board  of 
Trade  gave  only  the  number  quoted  in  the  paper,  and  referring  to 
"  couplings  of  passenger  trains  "  ;  but  there  were  many  other  failures 
of  couplings  with  goods  and  mineral  trains,  and  some  of  these  were 
the  primary  cause  of  accidents  to  passenger  trains ;  as  for  instance, 
when,  on  an  incline,  a  portion  of  the  goods  train  ran  back  on  a 
passenger  train  which  was  following.  There  it  would  be  seen  that 
no  brake,  continuous  or  otherwise,  upon  the  passenger  train,  could 
have  controlled  the  goods  train ;  therefore  all  those  cases  could  only 
be  obviated  by  increased  strength  of  couplings.  And  as  to  Mr.  Gutch 's 
remark  that  in  an  accident  a  power  could  be  brought  to  bear  sufficient 
to  break  any  coupling,  he  would  ask  for  a  definition  of  this  power. 
If  it  was  meant  that  when  carriages  fell  over  embankments  couplings 
would  be  broken,  he  would  admit  the  fact ;  but  would  automatic 
brakes  be  of  any  use,  if  severance  occurred  only  in  such  cases  ?  If 
it  was  meant  that  the  brakes  would  themselves  cause  breakage  of 
couplings,  he  should  reply  that  any  brake  capable  of  parting  a 
train  was  an  inefficient  brake.  With  regard  to  couplings  becoming 
unhooked  in  passenger  trains,  that  defect  was  rapidly  disappearing 
upon  all  lines,  by  the  increased  use  of  the  lipped  coupling  hook. 

Mr.  Gutch  had  next  called  attention  to  the  differences  existing  in 
the  returns  made  by  the  various  railway  companies  to  the  Board  of 
Trade,  and  the  seemingly  different  interpretations  given  by  these 
several  lines  to  the  instructions.  But,  whilst  admitting  the  fact,  he 
must  at  the  same  time  observe  that  it  cut  both  ways.  Different 
railways  gave  special  attention  to  different  brakes,  so  that  what  was 
omitted  on  one  line  was  made  up  for  on  another ;  and  finally  the 
comparisons    were    brought    out    pretty    accurately.      Mr.    Gutch 
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considcrccl  it  unfair  to  compare  an  automatic  brake  which  recorded 
its  own  failures  with  a  non-automatic  brake  whicli  did  not.  But  the 
Tables  distinctly  enumerated  the  number  of  cases  in  which  each 
several  brake  was  found  defective,  whether  it  indicated  the  fact  itself 
or  not ;  if  there  were  cases  in  which  a  brake  was  out  of  order 
without  its  being  found  out  at  all,  he  did  not  see  how  those  were  to 
be  treated.  Mr.  Gutch  did  not  consider  however  that  the  word 
"  failure  "  should  be  applied  to  automatic  brakes,  in  cases  where 
they  showed  themselves  to  be  out  of  repair,  because  these  instances 
were  really  successes.  He  must  emphatically  contradict  that 
statement,  for,  whenever  those  indications  of  defect  occurred,  a  failure 
of  some  part  of  the  brake  apparatus  must  have  taken  place.  For 
instance,  it  was  clearly  a  failure  when  a  train  was  delayed  twenty- 
five  minutes  on  the  North  Eastern  Eailway,  by  the  "Westinghouse 
brake  persistently  going  on  three  times  when  not  required.  The  fact 
of  such  cases  being  indicated  was  of  course  an  advantage,  particularly 
with  brakes  whose  failures  were  frequent.  But  a  failure  must  be 
admitted  when  any  brake  did  that  which  it  was  not  then  required  to 
do  ;  and  the  fact  of  the  failure  being  indicated  was  not  a  success  for 
the  brake,  but  only  for  automatic  indication,  which  every  one  must 
desire  to  see  carried  out  in  the  most  complete  but  simple  way  possible. 

Mr.  Gutch  had  asserted  that  the  paper  was  wrong  in  stating  that 
automatic  brakes  had  frequently  been  rendered  useless,  until  the 
train  had  been  taken  to  shed ;  but  he  would  most  emphatically  repeat 
the  statement  in  the  paper,  as  he  had  been  informed  on  undeniable 
authority  that  it  was  the  case  upon  more  than  one  railway.  His 
information  had  been  obtained,  not  only  from  the  Board  of  Trade 
returns,  but  also  from  railways  where  the  failures  had  occurred.  With 
regard  to  his  own  acquaintance  with  other  than  the  Smith  brake,  no 
doubt  that  was  the  brake  used  on  the  Taff  Yale  Railway ;  but  he  had 
closely  watched  the  workings  of  all  the  brakes  named  in  his  paper, 
excepting  only  the  Steel  brake. 

As  to  Mr.  Gutch's  remarks  upon  the  different  tone  about  the 
failures  with  the  automatic  and  the  non- automatic  brakes,  it  was 
true  that  with  the  former  class  there  were  failures  recorded,  in  a 
number   of  instances,    from  petty  defects  of  the  brake   apj^aratus ; 
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but  those  small  matters  did  occur,  and  did  produce  failure,  wlucli  in 
liis  opinion  sliould  not  be  the  case  with  a  thoroughly  good  brake ;  for 
very  frequently  those  small  defects  would  entirely  disable  the 
apparatus.  As  to  the  case  of  a  guard  misusing,  with  intent  or 
otherwise,  any  of  the  brake  attachments,  if  these  were  fewer,  and  also 
less  complicated,  there  would  certainly  be  less  risk  of  such  mistakes 
occurring. 

His  opinion  of  the  results  of  the  Tables  was  completely  opposed  to 
Mr.  Gutch's ;  for  whereas  that  gentleman  considered  that  they  told 
against  the  vacuum  brake,  he  held  that  they  were  strongly  in  favour  of 
it.  And  as  to  the  relative  importance  of  the  failures,  he  could  say, 
from  his  own  knowledge  of  the  influence  of  such  failures  on  the  Smith 
brake,  that  the  percentage  of  failures  which  would  constitute  danger 
on  inclines  was  certainly  not  more  than  from  10  to  12  per  cent,  at 
the  outside,  instead  of  the  proportion  given  by  Mr.  Gutch.  Then  as  to 
the  percentage  of  cases  in  which  the  Westinghouse  and. Smith  brakes 
were  rendered  useless,  he  would  point  out  'that  the  comparison  of 
efficiency  should  not  be  based  upon  such  a  percentage.;  for  the  larf^er 
the  number  of  other  failures  recorded  against  a  brake,  the  smaller 
this  percentage  of  dangerous  failures  would  become.  Therefore  lie 
maintained  that  the  best  method  of  comparing  the  merits  of  brakes 
was  to  estimate  them  upon  a  basis  of  mileage  run,  as  was  done  in  the 
paper.  Nor  could  he  accept  Mr.  Gutch's  suggestion  to  take  the 
North  Eastern  alone,  for  obtaining  information  upon  the  workin*^  of 
both  brakes ;  because  more  than  one  pamphlet  advocatino"  the 
Westinghouse  brake  had  appeared  from  that  quarter. 

Mr.  Gutch  had  next  objected  to  the  term  "  creeping  on,"  as  applied 
to  the  Westinghouse  brake.  He  could  only  refer  to  the  Board  of 
Trade  returns,  which  distinctly  named  that  defect ;  but,  as  the  triple- 
valve  had  been  since  improved  again,  he  hoped  it  had  now  become  less 
complicated,  and  more  reliable  in  that  particular.  As  to  the  idea 
that  when  the  brakes  applied  themselves  it  was  caused  by  the  breaking 
of  pipes,  that  was  frequently  the  case,  and  then  the  brake  suddenly 
went  on  and  pulled  up  the  train ;  but  the  "  creeping  on "  was  not 
caused  in  this  way,  but  by  minute  leakage,  which,  as  the  reports 
said,  *'  gradually  puts  the  brakes  on,  and  finally  stops  the  train." 
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As  to  tliG  Wcmyss  Bay  accident,  no  doubt  the  signalman's  error 
was  the  primary  cause  ;  but  if  the  brake  had  not  refused  to  release 
upon  the  leading  train,  that  train  would  have  been  out  of  the  road 
before  the  following  train  could  have  reached  it.  If,  as  Mr.  Gutch 
said,  the  cause  of  brake-blocks  being  found  tight  upon  wheels  was 
their  not  having  been  properly  taken  off  at  the  previous  stop,  could 
it  be  held  that  a  brake  worked  satisfactorily,  which  was  capable  of 
taking  off  the  blocks  from  jDart  of  the  train  and  not  from  the  whole  ? 
It  could  not  be  that  many  blocks  remained  on,  otherwise  the  engine 
could  not,  without  extreme  effort,  start  the  train.  The  remark,  that 
when  the  Westinghouse  brake  was  applied,  it  went  on  everywhere 
at  once,  sounded  strangely  in  the  face  of  the  recorded  instances, 
where  trains  had  been  broken  into  sections  by  the  action  of  this 
brake.  True,  Mr.  Gutch  sheltered  himself  by  saying  that  want  of 
care  in  the  handling  or  supervision  of  the  brake  might  cause  it 
to  work  irregularly  throughout  the  train  ;  but  did  not  this  admission 
support  his  own  view  that  these  automatic  brakes  were  more 
complicated  to  work,  and  hence  more  liable  to  mismanagement  ? 

Mr.  Gutch  had  spoken  of  his  experience  in  working  the 
Westinghouse  brake  upon  long  inclines;  but  he  then  went  on  to 
mention  "  experiments,"  and  he  himself  had  strong  doubts  whether 
the  ordinary  working  of  regular  trains  would  show  by  any  means  such 
desirable  results  as  experiments  specially  arranged.  As  to  the 
unsuitableness  of  the  Smith  brake  on  inclines,  he  could  only  say  that 
with  this  brake  a  regular  service  of  trains  had  been  working  up  and 
down  three  inclines  of  1  in  40,  and  one  whose  average  gradient  for 
nearly  six  miles  was  1  in  55 :  and  that  these  trains  had  been 
running,  in  some  instances,  twelve  or  fourteen  trips  per  day,  for 
between  two  and  three  years,  without  the  least  difficulty  or  mishap ; 
using  the  brake  as  required,  both  on  the  up  and  down  journey. 
This,  he  thought,  must  be  received  as  a  practical  reply. 

He  would  now  turn  his  attention  to  Sir  Henry  Tyler's  remarks  : 
the  first  of  which  was  that,  when  continuous  brakes  were  more 
generally  used,  trains  would  b©  run  at  a  greater  speed  up  to  stopping 
places  &c.,  and  then  any  accident  which  happened  would  be  more 
serious   than   before  :   but   sui-ely  such  a  practice  would   never   be 
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adopted  upon  any  well-managed  line.  His  own  idea  had  always  been 
that  these  brakes  were  to  be  additional  safeguards,  and  not 
treacherous  appliances  to  tempt  people  to  carelessness.  The 
suggestion  that  he  condemned  automatic  action  was  quite  undeserved, 
as  already  shown.  With  regard  to  his  having  confined  his  statistics 
to  the  eighteen  months  commencing  January  1878,  he  would  point 
out  that  all  the  brakes  enumerated  had  undergone  gradual 
improvement  ever  since  their  introduction  upon  English  railways; 
and  therefore  this  limited  and  recent  period  (long  enough  to  give  a  fair 
idea  of  their  working)  should  properly  be  taken  to  obtain  the 
information  sought,  because  it  would  give  the  best  results  in  each 
case.  Looking  at  the  fact  that  continuous  brakes  had  so  largely 
reduced  the  number  of  accidents  to  passenger  trains,  it  seemed  of  little 
use  to  go  back  to  the  days  when  we  were  without  such  brakes;  especially 
as  under  Sir  Henry  Tyler's  heading  of  "  Instances  where  automatic 
action  was  needed,"  would  be  found  many  cases  where  the  accident 
would  have  been  altogether  avoided,  had  the  train  been  fitted  with  any 
of  the  now  known  continuous  brakes.  But  even  Sir  Henry  Tyler 
himself  could  only  show  (with  all  those  favourable  circumstances)  a 
total  of  8  per  cent,  of  cases  requiring  automatic  action :  and  this 
must  be  admitted,  when  all  things  were  considered,  to  be  a  very  small 
proportion.  The  other  objections  made  by  Sir  Henry  Tyler  were, 
more  or  less,  repetitions  of  those  made  by  previous  speakers. 

Mr.  Price  Williams  and  Mr.  Westinghouse  had  found  great 
difficulty  in  understanding  the  totalling  up  of  the  failures  in  the 
Tables.  He  might  explain  that  the  figures  given  in  column  (11) — 
"  Total  recorded  failures," — represented  the  number  of  individual 
instances  where  the  brake  in  question  became  defective  from  any 
cause ;  and  the  figures  given  in  columns  (3)  to  (10)  analysed  those 
failures  according  to  their  individual  headings.  This  produced  a 
little  complication ;  for  instance,  if  a  porter,  by  mistake,  had  turned 
one  of  the  stop-cocks  the  wrong  way  upon  a  carriage  fitted  with  a 
Westinghouse  brake,  that  fault  of  the  man  would  be  entered  in 
column  (3)  ;  and  it  would  be  shown  also  in  column  (4),  because  that 
cock  was  an  additional  attachment  necessary  to  make  the  brake 
automatic;   and,  if  this  additional   fitting  had  not  been  there,  the 
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iiiistako  could  not  Lave  been  made.  But  altliougli  tliese  two  entries 
■Nverc  made  in  columns  (3)  and  (1),  yet  the  case  would  only  be  counted 
as  one  failure  in  tlie  "  Total  failure "  column.  As  to  Mr.  Price 
Williams's  remarks  on  percentage  of  failures,  lie  Lad  dealt  witL  tLat 
in  replying  to  Mr.  GutcL's  question  on  tlie  same  subject. 

In  conclusion  be  Lad  only  to  express  Lis  satisfaction  at  tLe 
discussion  wLicli  Lis  paper  Lad  elicited,  and  also  to  tbank  tLe 
President,  Council,  and  Members  of  tLe  Institution  for.  tLe  kind  way 
in  wLicL  tLey  Lad  welcomed  Lis  efforts. 

IMr.  EoBiNSON  said  tLat,  before  tLe  President  put  tLe  vote  of 
tLanks  to  tLe  meeting,  Le  felt  it  was  only  due  to  Mr.  EicLes  to  point 
out  tLat  tLe  welcome  wLicL  tLe  Council  Lad  given  to  tLe  papers  of 
Mr.  WestingLouse  on  tLe  one  Land  and  of  Mr.  Sanders  on  tLe  otLer, 
witLout  any  paper  Laving  been  read  about  tLe  SmitL  vacuum 
brake,  Lad  apparently  led  some  persons  ratLer  to  imagine  tLat  it  was 
tLe  tendency  of  tLe  Institution  to  be  partisans  of  automatic  action, 
as  represented  by  tLe  WestingLouse  and  Sanders  brakes.  TLe  Council 
Lad  tLerefore  tried  to  get  some  one  to  read  a  paper  on  tLe  SmitL 
vacuum  brake,  but  in  that  tliey  Lad  failed  ;  and  it  was  only  fair  to 
say  tLat  some  pressure  Lad  tLen  been  put  upon  Mr.  EicLes  to  bring 
before  tbem  tLe  paper,  wLicL  Le  Lad  just  read,  not  as  a  partisan  of 
any  particular  brake,  but  as  a  disbeliever  in  automatic  action  as  at 
present  applied. 

TLe  President  prop6sed  a  vote  of  tLanks  to  Mr.  EicLes  for  Lis 
paper.  He  tLougLt  tLey  were  all  very  mucL  indebted  to  Lim  for 
tLe  trouble  Le  Lad  taken  and  tLe  care  witL  wLicL  Le  Lad  analysed 
tLe  returns.  It  could  very  easily  be  understood  wLy  rival  inventors 
Lad  not  agreed  to  analyse  returns  exactly  in  tLe  same  manner ; 
but  Le  believed  tLat  Mr.  EicLes  Lad  done  it  perfectly  Lonestly, 
and  solely  witL  a  view  to  promote  discussion. 

He  tLougLt  Le  was  only  expressing  tLe  feeling  of  tLe  meeting  in 
saying-  tLat  tLey  Loped  tLe  Board  of  Trade  would  analyse  tLe 
so-called  failures  more  tLorougLly  as  to  tLeir  character;  namely 
wLetLer  in  fact  tLe  circumstances  tLat  occurred  were  in  favour  of 
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the  brakes  or  against  them.  He  had  himself  hoped  to  hear  more  iu 
reference  to  the  life  of  india-rubber,  exposed  so  much  to  the  air  as  it 
was  in  some  of  the  forms  of  brakes ;  and  as  to  whether  it  was  not 
advisable  to  renew  it  from  time  to  time.  He  much  regretted  to  hear 
that  the  adoption  of  the  real  block-system  did  not  make  more  rapid 
progress  on  the  Continent ;  for  in  his  opinion  it  was  undoubtedly  the 
right  system  for  preventing  accidents,  and  the  cost  of  a  few  extra 
signal  boxes  and  men  ought  not  to  prevent  its  adoption. 
The  vote  of  thanks  was  passed. 


The  President  proposed  a  vote  of  thanks  to  the  Institution  of 
Civil  Engineers  for  their  kindness  in  granting  their  rooms  for  the 
meeting,  which  was  carried  unanimously. 


The  Meeting  then  terminated. 
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ON  THE  STROCTURE  OF  CAST-STEEL  INGOTS. 

By  D.  CIIERNOFF. 
(Read  before  the  Imperial  Eussian  Technical  Society,  2nd  December,  1878.) 


Translated  by  Mr.  William  Anderson,  of  Ertth, 
and    published    by    the   authority   of    the    council. 


Among  tlie  materials  necessary  for  the  successful  prosecution  of 
the  various  arts  at  the  present  time,  the  foremost  place  is  occupied 
by  iron,  taken  in  all  its  varieties,  as  wrought-iron,  steel,  and  cast 
iron. 

So  long  as  the  metallurgical  art  was  incapable  of  producing 
steel  in  large  masses  and  at  a  cheap  rate,  the  wants  of  the  engineer 
and  mechanic  were  chiefly  supplied  by  cast  and  wrought  iron.  The 
methods  of  working  these  two  forms  of  the  metal  differed  essentially 
from  each  other.  The  high  melting  point  of  wrought  iron,  and  the 
imperfect  means  of  fusion  at  the  disposal  of  the  metallurgist,  obliged 
the  required  shapes  to  be  given  by  means  of  welding,  forging, 
and  rolling,  thus  necessitating  the  use  of  large  quantities  of  fuel, 
and  the  employment  of  powerful  machinery.  The  comparatively 
low  melting  point  of  cast  iron  permits  the  difficult  work  of  shaping 
the  metal  to  be  transferred  to  the  moulding  of  such  soft  substances 
as  wood,  clay,  or  sand.  To  obtain  the  most  complicated  shapes, 
it  is  only  necessary  to  make  a  pattern  out  of  wood,  clay,  &c., 
mould  it  in  friable  sand,  and  run  into  the  impression  so  produced 
the  molten  metal,  which  at  once  assumes  the  required  shape  and 
dimensions.  The  mechanical  labour  to  be  afterwards  expended  is 
limited  to  finishing  the  surfaces,  if  required ;  but  the  greater  number  of 
castings  either  require  no  finishing  at  all,  or  are  only  surfaced  in 
isolated  places.  The  convenience  of  this  method  of  producing  ironwork 
is  so  great,  that  it  is  adopted  in  every  department  of  constructive 
or  decorative  art,  if  the  nature  of  the  materials  used  will  permit. 
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As  soon  as  the  iron  industry  became  possessed  of  tlie  means  of 
obtaining,  in  the  fluid  state,  steel  of  any  desired  quality,  in  large 
masses  and  at  a  cheap  rate,  the  direct  consequence  of  such  progress 
should  naturally  have  been  the  adaptation  of  the  founder's  art  to  the 
production  of  every  kind  of  article  in  cast  steel.  But  the  numerous 
attempts  to  apply  to  steel  the  ordinary  methods  of  casting,  in  sand 
or  metallic  moulds,  were  far  from  being  crowned  with  success, 
especially  with  the  milder  qualities.  The  chief  defect  was  the 
prevalence  of  a  honey-combed  structure,  due  partly  to  gas-bubbles, 
partly  to  cavities  caused  by  contraction  in  cooling.  Occasionally 
the  external  cracks  which  were  developed,  and  even  the  texture 
of  the  steel  itself,  made  it  useless  for  practical  purposes.  For  this 
reason  it  is  that  steel-founders,  for  the  most  part,  content  themselves 
with  producing  masses  of  the  simplest  form,  or  else  ingots,  which 
are  afterwards  worked  into  the  required  shape  by  forging  or  other 
mechanical  means,  and  at  an  enormous  cost  for  fuel. 

However  great  may  be  the  difficulties  in  attaining  the  object  thus 
sought  for,  it  is  impossible  to  desist  from  its  pertinacious  pursuit, 
in  view  of  the  immense  advantages  which  accrue  from  the  facilities 
offered  by  the  process  of  casting.  And  as  victory  in  the  struggle 
with  an  evil  of  any  kind  can  be  ensured  only  by  carefully  studying 
that  evil,  it  is  easy  to  see  what  importance  attaches  to  an  investigation 
into  the  defects  of  cast-steel  ingots. 

To  begin  with,  we  may  take  the  simplest  form,  that  of  a  cylindrical 
ingot  cast  in  a  metallic  mould.  Fig.  1,  Plate  7,  represents  a 
longitudinal  section  of  such  an  ingot,  about  one-tenth  full  size.  Instead 
of  a  solid  mass,  it  appears  as  a  casting  permeated  by  a  large  number  of 
cavities.  Along  the  external  surface,  and  in  contact  with  the  mould, 
numerous  bubbles  penetrate  into  the  body  of  the  ingot,  more  or  less 
deeply  according  to  the  circumstances  under  which  it  was  cast  and 
the  quality  of  the  steel  used,  and  give  to  the  external  layer  a  spongy 
appearance,  as  illustrated  on  the  upper  side  of  Fig.  1.  In  what  was 
the  upper  end  of  the  ingot  a  large  cavity,  having  the  shape  of  an 
irregular  funnel,  has  been  formed.  This  cavity  penetrates  deeply 
along  the  axis  of  the  casting,  and  is  surrounded  by  unsound  metal, 
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pcrmeatocl  by  small  cavities  or  bubbles.  It  descends  along  the 
axis  of  the  ingot  far  below  the  apex  of  the  cone,  and  forms,  in 
jdaces,  hollows  of  considerable  size.  Following  a  direction  receding 
radially  from  the  central  axis  of  the  casting,  the  porosity  diminishes, 
and  becomes,  at  last,  imjierceptible  to  the  eye ;  so  that  a  certain 
thickness  of  metal,  included  between  the  spongy  crust  and  the  porous 
heart,  appears  to  be  sound  and  compact. 

Under  certain  circumstances,  to  which  further  allusion  will  be 
made,  bubbles  are  not  formed,  or  at  any  rate  in  a  very  slight  degree 
only,  at  the  outer  surfaces  of  ingots  cast  in  metallic  moulds ;  but 
instead  a  strongly-marked  acicular,  or  needle-like,  structure  becomes 
ajij^arent,  as  illustrated  on  the  lower  side  of  Fig.  1. 

An  examination  of  the  fractured  surface  shows  that  the  acicular 
layer  consists  of  a  conglomeration  of  irregular  prismoidal  bodies, 
arranged  at  right  angles  to  the  sides  of  the  ingot,  as  shown  full 
size  in  Fig.  2.  The  cohesion  between  the  prismoids  is  not 
great,  so  that  ingots  having  this  structure  break  up  with  comparative 
ease,  fracture  taking  place  along  the  facets  of  the  prisms  and 
presenting  a  dead  silvery  hue. 

Within  the  acicular  layer  comes  a  more  or  less  pronounced 
granular  structure,  composed  of  irregular  many-sided  grains,  as 
shown  two-thirds  full  size  in  Fig.  3,  having  a  dead  silvery  colour 
very  similar  to  that  characterising  the  surfaces  of  the  prismoids. 
"Within  this  layer  comes  the  compact  metal,  having  a  brilliant  solid 
fracture ;  and  then  follows  the  porous  portion,  which  becomes  more 
open  as  the  core  of  the  casting  is  approached. 

Each  of  the  above-named  defects  requires  to  be  examined  in  turn. 

The  imperfection,  the  origin  of  which  is  most  easily  explained, 
is  the  funnel-shaped  cavity  in  the  upper  end  of  the  ingot,  caused  by 
the  setting  of  the  metal.  The  solidification,  hastened  by  the  cooling 
influence  of  the  sides  of  the  mould,  necessarily  takes  place  in  layers 
following  its  inner  surface.  According  as  the  layers  grow  thicker 
the  level  of  the  liquid  sinks,  because  the  volume  of  the  metal 
decreases  and  gives  room  to  the  still  fluid  central  column,  which, 
as  it  falls,  also  constantly  diminishes  in  diameter  at  its  upper  surface. 
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The    phenomenon  described  is  so  well  known  and    understood  by 
founders  that  it  is  unnecessary  to  dwell  further  upon  it. 

The  bubbles  permeating  the  outer  surface  of  an  ingot  present 
one  of  the  most  important  defects  met  with  in  steel  castings,  and 
have  long  been  the  subject  of  enquiry  by  many  metallurgists. 
With  respect  to  the  origin  of  the  gases  occluded  in  fluid  steel,  it 
cannot  be  said  that  any  unanimity  of  opinion  exists  among  those 
who  have  investigated  the  matter.  Some,  for  example,  are  inclined 
to  attribute  the  presence  of  gases  simply  to  the  solution  of  the 
products  of  combustion  of  the  furnace  in  the  fluid  steel,  during  the 
time  it  is  melting  ;  others  hold  the  opinion  that  they  are  merely 
the  products  of  chemical  reaction,  taking  place  between  the  elements 
constituting  the  fluid  steel,  and  the  substances  forming  the  linings  of 
the  furnaces  and  of  the  ladles  used ;  others  again  ascribe  the 
formation  of  the  gases  to  the  reactions  which  take  place  between 
the  elements  composing  the  fluid  steel,  under  the  influence  of 
oxygen  derived  from  the  products  of  combustion  or  from  the 
atmosphere. 

It  is  unnecessary  to  examine  critically  these  conflicting  opinions : 
each  of  them  is  based  on  factitious  data,  and  cannot  be  authoritatively 
proved  erroneous.  It  should  however  be  added  that  each  of  the 
above-mentioned  causes  contributes,  together  with  the  rest,  in 
generating  gases ;  which  thus  appear  to  be  the  result  of  their 
combined  and  simultaneous  operation. 

The  ordinary  view,  which  has  not  been  controverted,  is  that  tho 
great  bulk  of  the  gases  produced  is  composed  of  carbonic  oxide ;  * 
and  it  is  very  generally  allowed  that  the  period  at  which  tbe  largest 
quantity  of  gas  is  formed  is  at  the  point  of  transition  from  the  fluid 

*  Within  the  last  year  Miiller  has  stated  (Berichte  der  deutschen  cliemisclien 
Gesellschaft,  1879,  No.  1)  that  analyses  of  the  gases  from  the  pores  in  steel 
castings  have  yielded  from  GO  to  90  per  cent,  of  hydrogen,  the  remainder  of  the 
gas  being  nitrogen,  with  only  a  small  quantity  of  carbonic  oxide.  If  these  results 
are  confirmed  by  more  extended  observation,  they  \Yill  open  an  entirely  new  field 
of  speculation  in  the  metallurgy  of  steel. 
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to  tlic  solid  state.  On  considering  tliis  phenomenon  more  closely,  it  is 
easy  to  sec  that  it  is  suhjcct  to  the  laws  which  j^overn  the  solution 
of  gases  in  other  liquids.  In  fluid  steel,  as  well  as  in  otlier  liquids 
saturated  with  gas,  the  greatest  evolution  takes  place  when  the 
mass  is  agitated,  or  especially  when  the  liquid  is  poured  from 
one  vessel  into  another.  Accordingly,  in  pouring  steel  from  the 
Bessemer  converter  into  a  ladle,  or  from  the  ladle  into  the 
mould,  violent  ebullition,  with  a  copious  evolution  of  gases,  takes 
place.  If  there  were  no  risk  in  cooling  the  steel,  and  if  it  could  be 
protected  from  the  action  of  the  oxygen  in  the  air,  a  succession 
of  pourings  would  be  sufficient  to  remove  the  whole  of  the  imprisoned 
gases. 

Steel  cast  into  a  mould,  and  allowed  to  cool,  immediately 
commences  to  evolve  gas  in  the  form  of  very  minute  bubbles,  which 
adhere  to  the  first  particles  of  steel  solidified  against  the  sides 
of  the  mould.  In  consequence  of  the  property  possessed  by 
dissolved  gases,  of  escaping  into  space  or  into  bands  of  already 
existing  bubbles,  the  bubbles  which  have  fixed  themselves  to  the  first 
portions  of  solidified  steel  grow  rapidly  by  the  influx  of  gases  from 
the  metal  surrounding  them.  Inasmuch  as  the  thickness  of  the 
solidified  layer  is  always  increasing,  in  consequence  of  the  cooling 
influence  of  the  sides  of  the  mould,  the  augmentation  in  volume  of 
the  bubbles  must  occur  exclusively,  or  nearly  so,  in  a  direction 
perpendicular  to  the  sides.  In  this  way  the  form  of  a  bubble  may 
vary  in  accordance  with  the  varying  rate  at  which  the  bubble  grows 
in  volume,  compared  with  that  at  which  the  thickness  of  the  solid  layer 
increases.  If  the  bulk  of  the  bubble  increases  more  rapidly  than  the 
thickness  of  the  solid  layer  increases,  then  the  diameter  of  the 
bubble  becomes  greater  as  it  recedes  from  the  sides ;  and  it  assumes 
the  shape  of  a  cone  with  a  spherical  end,  the  larger  diameter  being 
turned  toward  s  the  centre  of  the  ingot  (Fig.  4,  Plate  8).  When  the  gases, 
under  these  circumstances,  collect  too  rapidly,  the  enlarged  portions  of 
the  bubbles  grow  very  quickly,  and  are  from  time  to  time  torn  off  and 
float  to  the  surface.  If  the  growth  of  the  bubbles  coincides  with  the 
rate  of  thickening  of  the  solidified  metal,  then  the  bubbles  become 
of   a    cylindrical  form  with  a  hemispherical  termination  (Fig.  5). 


Jan.  1880.  CAST-STEEL    INGOTS.  157 

Finally,  if  tlie  setting  of  the  steel  goes  on  more  quickly  tlian  the 
accumulation  of  gas,  then  the  bubbles  gradually  taper  away  inwards 
to  a  point  (Fig.  6);  bubbles  of  this  last  character  however  are 
extremely  rare. 

As  the  mould  fills,  the  pressure  of  the  fluid  column  on  the  lower 
layers  of  steel  continually  increases,  and,  at  the  same  time,  the  facility 
with  which  the  gases  separate  from  the  metal  decreases ;  consequently 
the  further  development  of  the  bubbles  in  the  lower  layers  is 
arrested.  The  bubbles  become  sealed  in,  and  the  subsequently 
formed  layers  solidify  free  from  bubbles,  unless  a  fresh  evolution 
takes  place  from  an  accidental  reduction  of  pressure.  When  a  bubble 
becomes  thus  sealed  up,  a  contraction-cavity  is  formed  at  its  apex ; 
the  interior  of  this  cavity  is  lined  with  crystals,  to  which  particular 
attention  will  be  directed  later  on. 

From  the  foregoing  it  is  evident  that,  if  it  were  possible  to  arrest 
the  formation  of  the  original  minute  bubbles,  which  affix  themselves 
to  those  particles  of  steel  which  first  set  on  the  sides  of  the  mould, 
the  solidifying  surface  of  the  ingot  would  not  then  be  permeated  by 
the  ever-growing  bubble  cavities.  The  bubbles  that  would  form, 
having  no  attachment  to  the  sides,  would  float  up  readily  to  the  top, 
and  leave  the  surface  of  the  casting  perfectly  solid. 

The  phenomenon  of  the  adhesion  of  particles  of  steel  to  the  walls 
of  the  mould  is  analogous  to  the  wetting,  by  water,  of  the  sides 
of  a  vessel.  The  hotter  the  steel,  the  less  the  sides  of  the  mould 
are  wetted  as  the  metal  is  poured  in ;  and  on  the  other  hand  the 
more  refractory  and  impermeable  to  heat  are  the  materials  forming 
the  mould,  the  less  are  the  chances  of  their  sides  being  wetted,  and 
of  particles  of  solidified  steel  sticking  to  them.  From  these 
considerations  it  may  be  concluded,  (1)  that  hot  steel,  which  will  not 
wet  the  sides  of  a  metallic  mould,  will  yield  castings  free  from 
bubbles  in  their  outer  surfaces ;  and  (2)  that  steel  hot  enough  not  to 
wet  the  sides  of  a  sand  mould,  while  cool  enough  to  wet  those  of 
a  metallic  mould,  wdll  give  sound  castings  in  the  former  case 
and  porous  castings  in  the  latter. 

Experience  quite  justifies  these  conclusions :  very  hot  steel  does 
give  a  sound  casting,  even  in  a  metallic  mould ;  and  does  so,  as  a 
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matter  of  course,  in  a  well  dried  and  warmed  Band  mould,  the 
exception  being  only  tliose  places  wliieli  have  been  splashed  by  the 
metal  in  pouring  ;  to  these  the  steel  has  in  fact  adliered,  and  they 
are  therefore  easily  wetted.  An  extremely  interesting  experiment, 
which  has  been  frequently  repeated,  namely  that  of  pouring 
moderately  hot  steel  into  a  mould  half  metallic  and  half  lined 
with  sand,  always  gave  ingots  porous  on  the  side  in  contact  with  the 
metallic  mould,  and  perfectly  sound  on  the  side  next  to  the  ganister 
lining.  Fig.  7,  Plate  8,  represents  an  actual  section  of  such  an  ingot, 
reduced  to  one-eighth  its  natural  size. 

What  has  hitherto  been  said  as  to  bubbles  has  reference  to  the 
period  of  filling  the  mould  with  steel,  and  to  the  first  moments  after 
casting ;  during  which  time  the  gases  can  easily  escape  into  the 
atmosphere,  partly  through  the  free  uncovered  upper  surface  of  the 
metal,  and  partly  by  means  of  the  bubbles  which  float  up  and 
burst  there.  As  soon  as  the  upper  surface  begins  to  be  covered 
by  a  solidified  layer,  the  free  escape  of  gases  becomes  more  difficult, 
while  their  solubility  decreases  *  in  consequence  of  the  lowering  of  the 
temperature  to  the  congealing  point ;  the  gases  then  collect  under 
the  top  crust,  acquire  considerable  tension,  and  by  that  means  arrest 
the  further  formation  of  bubbles  even  in  the  highest  layers  of  the 
ingot;  while  those  previously  formed  become  locked  up  in  the 
solidified  outer  layers,  and  thus  further  evolution  of  gas  is  almost 
completely  checked.  If  however  the  top  crust  happens  to  be  weak, 
then  the  collected  gases  burst  through  it,  and  the  partially  set  steel, 
in  the  form  of  a  foamy  mass,  breaks  through  with  them  ;  the  pressure 
is  thus  suddenly  relieved,  and  a  fresh  evolution  of  gas  takes  place, 
accompanied  by  the  formation  of  a  second  row  of  bubbles,  chiefly  in 
the  upper  portions  of  the  casting. 

The  points  to  which  this  second  row  of  bubbles  becomes  attached 
are  the  imperfectly  closed  contraction-cavities  of  the  first  row ;  this 


*  Althongli,  according  to  the  law  of  the  dissolution  of  permanent  gases  in 
liquids,  their  solubility  increases  with  the  fall  of  temperature  of  tlie  liquid, 
yet  this  law  only  holds  down  to  temperatures  more  or  less  above  the 
temperature  of  congelation,  and  does  not  therefore  apply  to  the  case  in  point. 
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explains  the  existence  of  a  sharp  line  of  demarcation  between 
the  bands  containing  the  first  and  the  second  line  of  bubbles,  as 
may  be  seen  in  Fig.  8,  Plate  8,  where  the  right-hand  boundary  of 
the  shaded  portion  is  that  between  the  liquid  and  the  solid  metal,  at 
the  moment  of  the  reduction  of  pressure  caused  by  the  rupture  of  the 
upper  crust  of  the  ingot.*  For  greater  distinctness  this  is  drawn  on 
an  enlarged  scale. 

But  notwithstanding  the  circumstances  which  have  just  been 
described,  the  evolution  of  gases,  even  beneath  an  unbroken  crust, 
does  not  altogether  cease  until  the  solidification  of  the  very  last 
particles  of  steel  in  the  centre  of  the  ingot  has  taken  place.  The 
cause  of  this  persistent  evolution  is  the  reduction  of  the  pressure  in 
the  gases  collected  under  the  upper  crust,  partly  from  the  gradual 
cooling  of  the  mass,  and  partly  from  the  increased  space  afforded 
by  the  growth  in  volume  of  the  contraction-cavities.  These 
circumstances  explain  the  reason  why  the  upper  portions  of  steel 
castings  are  permeated  by  so  many  bubble-shaped  cavities. 

These  defects  occur  even  in  compressed  steel.  Figs.  9, 10,  and  11, 
Plate  9,  which  represent  a  compressed  steel  ingot  21 J  in.  diameter, 
5  ft.  7  in.  long,  and  weighing  3  tons,  illustrate  clearly  that  if  the 
pressure  ceases  before  the  central  portions  of  the  castings  have  set, 
the  evolution  of  gases  commences  in  the  still  fluid  portions  :  the 
reason  being  that  the  reduction  of  bulk  in  the  metal  causes  a  partial 
vacuum,  and  so  draws  out  the  gases.  The  same  thing  occurs,  even 
under  prolonged  pressure,  if  this  is  not  sufficiently  intense,  in  which 
case  the  plunger  cannot  follow  the  shrinkage  of  the  steel,  but  is 
arrested  in  its  motion  by  the  solidification  of  the  outer  portions  of 
the  casting.  The  ingot  represented  in  Plate  9  was  pressed  for 
three  quarters  of  an  hour ;  while  it  has  since  been  ascertained  that 
one  hour  and  a  quarter  is  necessary  to  produce  sound  work. 

The  internal  surfaces  of  the  bubble-shaped  cavities  generally 
present  a  clean  silvery  appearance.     But  as  the  side   bubbles  have 

*  In  order  to  hasten  the  formation  of  an  upper  crust  on  the  ingots,  they  are 
either  covered,  immediately  after  pouring,  by  a  cold  iron  plate,  or  have  water 
poured  on  them. 
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tlicir  origin  very  close  to  tlio  outsido  surface  of  tlio  ingot,  and  are  only 
divided  from  the  atmosjibere  by  thin  diaphragms,  it  often  happens  that 
these  are  cither  broken  or  rusted  through  during  the  cooling  of  the 
ingot ;  and,  communication  being  thus  made  between  the  cavities  and 
the  air,  the  sides  of  the  cavities  become  covered  with  scale,  or  assume 
iridescent  colours,  according  as  the  air  has  more  or  less  freedom  of 
access.  The  upper  funnel-shaped  contraction-cavity  has  also  an 
oxidised  surface,  because  the  rupture  of  the  crust  covering  it,  before 
it  finally  sets,  allows  the  access  of  air  to  its  interior. 

The  next  point  for  consideration  is  the  setting  of  the  interior 
liquid  steel,  and  the  growth  of  the  solid  layers  from  the  external 
surface  to  the  centre  of  the  ingot. 

On  examining  the  sides  of  the  contraction-cavities,  it  will  be 
noticed  that  they  are  covered  by  minute  crystalline  growths,  formed 
by  the  piling  up  on  one  another  of  steel  crystals.  The  accumulation 
of  such  growths  in  the  funnel-shaped  contraction-cavity,  and 
especially  at  its  lower  end,  forms  a  porous  mass  in  which  considerable 
cavities  frequently  occur.  The  general  appearance  of  the  lower 
part  of  the  funnel  is  illustrated  full  size  in  Fig.  12,  Plate  8  ;  and 
Fig.  13,  Plate  10,  represents  a  group  of  crystals  taken  from  the 
central  contraction-cavity  of  a  steel  ingot,  47  in.  diameter,  and 
weighing  27  tons,  at  a  point  about  one-fourth  of  its  length  below  the 
upper  end.     This  is  drawn  four  times  the  natural  size. 

On  examining  the  separate  crystals  under  a  microscope,  it  becomes 
apparent  that  they  are  of  the  skeleton  or  discontinuous  type,  with 
the  larger  development  of  branches  in  the  direction  of  the  octahedi-al 
axes.  The  growth  takes  place  in  such  a  manner  that  the  increase 
in  the  direction  of  one  of  the  principal  axes  of  the  crystal  is  always 
more  rapid  than  in  those  of  the  other  two  axes,  so  that  each 
discontinuous  crystal  presents  the  appearance  of  the  skeleton  of  an 
elongated  rectangular  octahedron.  Besides  the  growths  in  the  direction 
of  the  octahedral  axes,  which  may  be  called  growths  of  the  first  order, 
branches  of  the  second,  third,  and  other  orders  appear,  as  the 
distance  from  the  summit  of  the  group  increases ;  these  growths 
being  at  first  rudimentary,  but  becoming  more  and  more  developed 
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as  tliey  approacli  tlie  base  of  the  crystal,  until  tlicy  sormetimes  literally 
form  the  skeleton  outline  of  a  complete  octahedral  crystal.  An 
illustrative  diagram  of  such  a  structure  is  given  in  Fig.  14,  Plate  10. 
The  largest  isolated  steel  crystals  which  have  been  observed,  though 
only  rarely,  have  a  length  of  5  mm.  (0*20  in.) ;  in  most  cases  the 
length  reaches  only  3  mm.  (0  •  12  in.)  with  a  diameter  of  1  to  1 J  mm. 
(0-04  to  0*06  in.)  It  is  difficult  to  assign  a  minimum  limit  of  size, 
because  well-developed  crystals  have  been  found,  with  very  accurate 
contours,  so  small  that  they  could  be  clearly  seen  only  when  magnified 
from  100  to  150  times. 

The  various  discontinuous  crystals  are  not  usually  arranged 
parallel  to  each  other.  Their  principal  axes  intersect  at  every 
imaginable  angle,  as  may  be  seen  in  Fig.  13.  Sometimes  however 
they  assume  a  twin  arrangement  like  that  represented  in  Fig.  15, 
which  is  taken  from  the  contraction-cavity  of  a  5-cwt.  steel  ingot, 
and  is  enlarged  70  times.  Fig.  16  represents  the  outline,  enlarged 
25  times,  of  one  of  the  crystals  of  the  group  represented  in 
Fig,  13. 

Inasmuch  as  the  sides  of  the  contraction-cavities,  and  of  the 
porous  portions  surrounding  the  central  contraction- space,  are 
invariably  built  up  of  more  or  less  developed  discontinuous  crystals, 
it  is  perfectly  justifiable  to  conclude  that  the  setting  of  steel  does 
not  take  place  by  the  uninterrupted  addition  of  smooth  layers,  but 
by  a  continued  growth  of  discontinuous  crystals  in  a  radial  direction 
from  the  cooling  surfaces  of  the  mould  towards  the  centre  of  the 
ingot;  and  further  that  the  principal  axes  of  the  growths  are 
disposed  at  right  angles  to  the  cooling  surfaces,  in  the  manner 
illustrated  in  Fig.  17,  Plate  11.  This  is  demonstrated  in  the  clearest 
manner  by  the  radiated  structure  of  the  fractures  of  ingots  cast  in 
metal  moulds,  when  the  fluid  steel  has  been  so  hot  that  no  gas  bubbles 
or  very  few,  are  found  in  the  outer  layers.  If  the  diameter  of  a 
cylindrical  ingot  is  small,  say  from  two  to  three  inches,  then  the 
rays  penetrate  to  the  very  centre,  as  illustrated  by  Fig.  18  ;  but  if  the 
cross  section  of  the  ingot  is  rectangular.  Fig.  19,  then  the  fracture 
shows  a  rectangle  with  clearly  defined  diagonals,  formed  by  the  final 
meeting  of  the  crystals  in  their  growth  normally  to  the  surfaces  of 
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the  mould.  Along  these  diagonals  lie  the  planes  of  weakness  so  well 
known  in  ordinary  iron  castings.  It  should  be  noted  also  that  in  the 
contraction-cavities  of  ordinary  iron  castings  are  found  discontinuous 
crystals  very  similar  to  those  that  have  just  been  described  ;  it  may 
consequently  be  inferred  that  the  setting  of  cast  iron  takes  place  in 
the  same  manner  as  that  of  steel.  Fig.  20  represents  a  crystal  from 
a  contraction-cavity  in  grey  cast  iron,  enlarged  140  times. 

From  numerous  observations  on  the  structure  of  the  sides  of 
contraction-cavities,  it  appears  that  the  harder  the  steel,  that  is  to 
say  the  more  carbon  it  contains,  the  clearer  is  the  development  of 
the  discontinuous  crystals.  In  very  mild  varieties,  containing  less 
than  0  •  2  per  cent,  of  carbon,  it  is  difficult  to  find  well-developed 
crystals;  and  when  discovered  they  are  of  insignificant  size.  It  is 
highly  probable  that  an  intimate  relation  exists  between  the  faculty 
for  the  regular  development  of  discontinuous  crystals,  and  the  power 
of  the  metal  to  change  rapidly  from  the  perfectly  fluid  into  the  solid 
state,  without  a  more  or  less  protracted  passage  through  the  soft 
dough-like  condition,  which  latter  would  naturally  interfere  with  the 
rapid  and  regular  development  of  the  branches  of  the  crystals.  This 
may  be  seen  even  in  cast  iron.  The  white  varieties,  or  those 
qualities  which  are  susceptible  of  being  made  white  by  chilling, 
assume  a  ray-like  structure,  indicating  a  rapid  formation  of  crystals. 
Grey  irons,  on  the  other  hand,  in  which  the  segregation  of  graphite 
hinders  the  regular  process  of  crystallisation,  and  which  tend  to 
assume  the  dough-like  condition  before  solidification,  take  a  granular 
structure ;  the  metal,  which  at  this  time  tends  to  form  into 
discontinuous  crystals,  and  to  reject  the  graphite  in  the  neighbourhood 
of  the  growths  thus  being  formed,  contains  very  little  carbon, 
although  it  probably  retains  all  the  other  substances  associated  with 
cast  ii'on.  With  respect  to  the  confused  manner  in  which  the  axes 
of  the  groups  of  crystals,  in  the  contraction-cavities  and  in  the 
central  porous  column,  are  disposed,  it  should  be  remembered  that 
the  cooling  in  these  parts  takes  place  very  slowly,  through  the  heated 
and  recently  solidified  sides  of  the  ingot ;  and  that  this  state  of 
things  is  favourable  to  the  formation  of  a  great  number  of  centres  of 
crystallisation,  with  perfect  freedom  of  direction  to  the  main  axes. 
Besides  this,  the  central  portion  of  the  cooling  ingot  is  always  in  a 
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state  of  motion  from  tlie  shrinking  and  setting  of  tlie  metal ;  and  this 
motion,  altliough  very  small,  is  quite  competent  to  turn  and  disarrange 
the  axes  of  the  crystals. 

The  chemical  composition  of  the  discontinuous  crystals,  according 
to  the  analyses  made  at  the  Abouchoff  Works,  is  by  no  means 
constant ;  and  is  always  the  same  as  that  of  the  general  mass  of  the 
ingot,  be  it  hard  or  mild  steel.  Consequently  there  are  no  grounds 
for  supposing  that  a  crystallisation  is  taking  place  of  some  definite 
chemical  compound  of  iron  and  carbon,  although  the  phenomenon 
of  liquation,  first  noticed  and  proved  by  Messrs.  Lavroff  and 
Kalakutzkin,*  may  have  given  grounds  for  such  a  supposition.  The 
discontinuous  crystals  found  in  the  spots  produced  by  liquation  have 
the  same  composition  as  the  metal  of  the  spots ;  but  as  this  metal 
is  always  harder  than  the  rest  of  the  ingot,  so  the  crystals  are 
distinguished  by  more  delicate  outlines  than  are  characteristic  of 
those  which  are  found  outside  the  spots,  and  of  which  the  composition 
is  identical  with  that  of  the  bulk  of  the  ingot. 

Turning  again  to  the  form  of  the  crystals,  it  is  noticeable  that 
there  is  no  strict  regularity  in  their  growth.  Sometimes  the  growth 
of  one  side  exceeds  that  of  the  other ;  sometimes  the  branches  of  the 
second  order  grow  more  rapidly  than  those  of  the  first,  depriving 
the  latter  of  the  material  from  which  they  were  formed,  and  then  in 
their  turn  throw  out  branches  of  the  third  order,  and  so  forth  ; 
sometimes  the  branches  meet,  unite,  and  enclose  between  themselves 
spaces  filled  with  fluid  steel.  Fig.  15,  Plate  10,  represents  such  spaces, 
a,  a,  locked  in  between  the  growths  of  the  first  and  second  orders. 
And  all  this  is  seen  in  the  examination  of  one  crystal  formed  by 
itself.  How  many  of  these  locked-in  spaces  must  be  formed  when 
neighbouring  crystals  grow  side  by  side  and  throw  out  branches 
in  all  directions  !  What  takes  place  in  these  spaces  during  the 
further  setting  of  the  steel  ?  The  fluid  metal  continues  to  act  as  the 
source  of  supply  to  the  growing  crystals ;  but  as  this  involves  a 
shrinkage  of  the  volume  of  the  metal,  it  follows  that  each  space 
becomes  a  contraction-cavity,  which  may  be  named,  for  distinction's 
sake,  a  partial  or  local  cavity. 


*  Journal  of  the  Imperial  Artillery,  1866,  1867. 
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It  is  evident  tliat  tlio  supply  of  material  for  the  regular 
development  of  the  crystals  cannot  go  on,  if  the  metal  becomes 
viscid  and  loses  its  fluidity  ;  but  in  the  centre  of  the  ingot  this  loss 
of  fluidity  does  take  place,  and  is  tlie  reason  why  the  structure  of 
the  steel  becomes  more  and  more  porous  as  the  centre  of  the  casting 
is  apjiroachcd.  Near  the  centre  the  mass  becomes,  in  fact,  little 
more  than  a  collection  of  local  contraction-cavities.  One  of  these 
cavities  is  exhibited  in  Fig.  21,  Plate  12,  enlarged  80  times. 

On   the   other   hand,   the  more   closely  the  crystals  are  packed 
together,  and  the  quicker  their  branches  grow,  the  more  difficult  it 
becomes  for  the  metal  to  flow  to  the  crystals  in  course  of  formation, 
notwithstanding  that  the  steel   remains  very  fluid.      This  state  of 
things  exists  during  the  formation  of  the  external  layers  of  an  ingot 
cast  in  a  metallic  mould,  which  rapidly  cools  the  surfaces  in  contact 
with  it.     This  is  the  cause  of  the  formation  of  the  acicular  outer 
layers,    and   of  the   comparatively  weak    lateral    adhesion    of    the 
component    prisms   or    needles.      The    local   cavities   under   these 
circumstances  arrange  themselves,  for  the  most  part,  along  the  planes 
of  contact  of  the  crystals  which  are  forming  in  directions  at  right 
angles   to  the   surface   of  the   ingot.      The   cross  sections   of  the 
prisms  are  generally  irregular.     This  irregularity  is  caused,  in  the 
first  place,  by  the  direction  of  the  lateral  axes  of  the  neighbouring 
crystals  having  no  relation  whatever  to  each  other ;  in  the  second 
place,  by  the  distance  between  their  principal  axes  not  being  equal, 
so  that  those  very  near  to  each  other  tend  to  form  twin,  triple,  and 
other  branches,  while  the  more  distant  ones  develop  themselves  more 
independently ;  and  in  the  third  place,  as  has  been  already  pointed 
out  in  describing  isolated  crystals,  by  the  rapidity  of  the  growth  of 
branches  being  rarely  symmetrical  in  reference  to  the  principal  axes. 
From  these   considerations  we   may  imagine   the   cross   section   of 
growing  crystals  to  be  similar  to  that  illustrated  on  an  enlarged  scale 
in  Fig.  22,  Plate  12.     At  the  termination  of  the  growth,  the  probable 
appearance  of  the  contiguous  crystals  is  represented  in  Fig.  23  ;  and 
indeed  this  appearance  may  be  actually  observed  in  the  fractures  of 
steel  ingots  of  acicular  structure.     The  growth  of  crystals  normally 
to  the  sides  of  the  ingot  is  represented  in  Fig.  17,  Plate  11. 
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Tlie  weakness  of  cohesion  between  the  prismatic  crystals  is  the 
chief  cause  of  the  formation  of  external  cracks  during  the  cooling  of 
the  ingots.  The  slightest  inequality  or  roughness  in  the  sides  of  the 
mould,  hindering  the  free  contraction  of  the  cooling  external  layers,  is 
sufficient  to  destroy  the  connection  between  the  prisms,  and  to  cause 
minute  cracks,  which  are  the  more  numerous  the  hotter  the  metal 
has  been,  and  the  greater  the  consequent  contraction.  The  surfaces 
of  the  cracks  have  a  prismatic  structure,  and  the  imprints  of  the 
discontinuous  crystals  may  be  distinctly  seen.  Fig.  24,  Plate  12, 
represents,  full  size,  the  surfaces  of  a  crack  which  took  place,  at  a  bright 
red  heat,  during  the  setting  of  the  external  layers  of  a  steel  ingot,  while 
the  central  portion  was  still  fluid.  In  castings  of  large  diameter, 
say  from  30  in.  to  50  in.,  and  of  considerable  height,  say  from  7  ft. 
to  10  ft.,  and  when  the  steel  is  very  hot  and  is  poured  quickly  into 
a  metal  mould,  the  rapid  expansion  of  the  sides  of  the  mould,  acting 
in  a  contrary  direction  to  the  contracting  layers  of  the  steel,  has  an 
especially  marked  influence  on  the  formation  of  cracks  in  the  skin 
of  the  ingots.  This  inconvenience  may  in  a  great  measure  be 
obviated  by  pouring  very  slowly. 

Besides  the  formation  of  cracks,  the  rayed  structure  of  the  external 
layers  produces  another  effect;  namely  that  during  the  cooling, 
which  takes  place  more  rapidly  in  the  outer  than  in  the  inner  layers, 
the  former  are  necessarily  thrown  into  a  state  of  tension,  and  stretch 
in  consequence ;  not  so  much  however  by  the  extension  of  the  metal 
itself  as  by  the  destruction  of  cohesion,  and  by  the  separation  between 
the  contiguous  crystals  forming  the  outer  layers,  as  shown  in  Fig.  2, 
Plate  7. 

With  respect  to  the  granulation  which  takes  place  in  cooling, 
inside  the  outer  prismatic  surfaces,  it  can  be  explained  by  the  fact 
that  this  portion  of  the  casting  must  be  in  a  state  of  tension  while 
the  metal  is  setting.  It  has  already  been  explained,  in  the  author's 
paper  on  the  Manufacture  and  mode  of  working  of  Steel,  that,  when 
raised  to  a  high  temperature  and  cooled  slowly,  steel  sets  in  the 
form  of  irregular  many-sided  grains.  If,  during  the  building  up  of 
these  grains,  and  while  the  mass  is  still  red  hot,  the  cohesion  of  the 


IGG  OAST-STEEL    INGOTS.  Jan.  1880. 

metal  is  enfeebled  or  destroyed  by  the  action  of  external  forces,  e.ff. 
tensile  or  bending  stresses,  then  tlio  chief  destruction  of  cohesion 
will  take  place  between  the  surfaces  of  contact  of  the  grains,  and 
consequently,  in  the  fractured  surfaces,  detached  grains  will  appear. 

This  effect  may  bo  produced  artificially.  A  piece  of  steel  of  the 
form  (7,  Fig.  25,  Plate  12,  is  heated  for  five  or  six  hours  to  a  bright 
red  or  yellow  heat:  it  is  then  removed  from  the  furnace,  and 
placed  between  lugs  hh,  projecting  from  a  massive  cast-iron  plate,  so 
arranged  that  the  steel  is  securely  held  from  contracting.  The 
piece  of  steel  will  be  stretched  slowly  as  cooling  proceeds ;  and  the 
cohesion  among  the  grains,  which  have  been  formed  during  the  long 
exposure  to  a  high  temperature  in  the  furnace  and  the  subsequent 
slow  and  quiet  cooling,  will  be  loosened.  If  the  granulation  has  been 
very  strongly  developed,  the  bar  will  either  tear  asunder  of  itself,  or 
will  be  very  easily  broken  after  it  is  cold  ;  the  fracture  exhibiting 
clearly  the  granular  formation.  The  same  effect  may  be  produced  by 
dropping  a  steel  ring,  heated  as  above  described,  on  to  a  cast-iron  cone. 
Hard  steel  is  found  to  granulate  more  quickly  than  the  milder  varieties. 

Inasmuch  as  during  the  passage  of  steel  through  all  the  ranges 
of  temperature,  from  its  setting  point  to  that  of  the  ordinary 
temperature  of  the  atmosphere,  the  strains  in  the  various  parts  of  an 
ingot  are  constantly  changing  from  tensile  to  compressive  or  vice 
versa,  we  may  expect  to  meet  with  such  granulations  in  all  portions 
of  a  casting;  generally  however  they  appear  in  the  outermost  and 
the  innermost  layers,  and  especially,  in  ingots  of  large  diameter,  in 
the  places  where  there  is  a  great  difference  of  temperature  between 
the  outer  and  inner  layers.  At  the  commencement  of  cooling,  the 
outer  layers  of  an  ingot  are  stretched,  and  the  inner  ones  compressed ; 
at  the  conclusion  of  the  cooling  the  reverse  action  takes  place,  the 
outer  layers  being  compressed  and  the  inner  ones  strongly  extended. 
The  tension  of  the  inner  layers  in  ingots  of  large  diameter,  such  as 
40  in.,  is  at  times  so  great  that,  if  left  to  cool  in  the  open  air,  the 
ingots  often  exhibit  internal  cracks,  especially  in  their  upper  and 
weaker  ends. 

With  respect  to  the  details  relating  to  the  granulation  of  steel, 
the  remarks  made  in  the  paper  of  1868  are  still  applicable.     Figs.  3 
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antl  26,  Plates  7  and  13,  represent,  at  two-thirds  the  natural  size, 
fractures  of  a  highly  granulated  ingot.  One  half  of  the  piece,  from 
which  Fig.  26  was  taken,  is  in  the  museum  of  the  Imperial  Eussian 
Technical  Society,  and  one  of  the  grains  is  illustrated  in  Fig.  27, 
magnified  seven  times.  Fig.  28,  Plate  12,  represents  a  grain  out  of 
another  piece,  also  magnified  seven  times.  It  is  evident  that  these 
grains  have  only  a  slight  likeness  to  regular  crystals;  there  is  no 
regularity  of  form  or  angle,  and  the  edges  are  more  or  less  curved 
and  crooked. 

We  must  next  consider  the  methods  adopted  for  overcoming  the 
defects  which  have  been  discussed  above. 

A  roundabout  way  of  attaining  the  object  sought  is  the  use  of 
so-called  "  malleable  cast  iron."  The  articles  to  be  produced  are  cast 
in  white  refined  iron,  and  are  then  exposed  for  a  long  time  to  a  high 
temperature,  in  some  slowly  oxidising  medium,  the  effect  of  which  is 
to  decarbonise  the  iron  and  so  produce  a  metal  more  or  less  analogous 
to  wrought  iron  and  to  steel.  It  cannot  be  said  that  this  method 
has  solved  the  problem,  because  the  metal  so  produced  is  far  from 
having  the  qualities  which  were  confidently  looked  for  in  the  early 
days  of  the  process.  Nevertheless  the  manufacture  of  malleable  cast 
iron  has  received  considerable  development,  especially  in  substitution 
for  light  smithwork,  and  this  is  in  itself  a  proof  of  the  difficulty  of 
reaching  the  desired  object  by  a  direct  method.  It  is  needless  to 
dwell  more  particularly  on  this  process,  as  it  will  not  lead  to  the 
solution  of  the  question  under  consideration. 

The  methods  of  overcoming  the  imperfections  in  steel  castings 
may  be  arranged  under  three  heads  : — 

1.  Without  altering  the  system  of  casting,  to  limit  the  ingots  to 
the  simplest  forms,  and  to  work  out  the  required  ultimate  shapes  by 
means  of  hammers,  presses,  or  rolls. 

2.  To  subject  the  fluid  steel,  during  the  process  of  setting,  to 
heavy  pressure ;  and  by  that  means  to  prevent  the  formation  of  air- 
bubbles,  and  to  a  great  extent  also  of  contraction-cavities.  The 
ingots  must  still  be  kept  to  the  simplest  forms,  and  reduced  to  the 
required  shapes  by  hammering,  pressing,  or  rolling. 
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3.  To  use  clicmical  reagents  in  order  to  arrest  tlie  formation  'of 
gases,  and  tbus  to  obtain  castings  of  the  most  varied  forms  and 
dimensions  in  ordinary  sand  or  metallic  moulds. 

By  tlie  first  method  the  ingot  assumes  a  structure  analogous  to 
that  represented  in  Fig.  1,  Plate  7  ;  and  the  defects  which  arise  vary 
between  the  limits  indicated  on  the  upper  and  lower  sides  of  the  figure. 
The  head  or  top  portion  of  the  casting,  filled  with  porosities  and 
cavities,  has  to  be  cut  off  and  condemned  as  scrap.  This  portion 
amounts  to  between  one-sixth  and  one-fourth  of  the  weight  of  the  ingot, 
and  bears  the  same  relation  to  it  that  the  head  does  to  an  ordinary  iron 
casting.  The  remainder  of  the  ingot  is  sent  to  be  worked  up  in  the 
forge.  With  the  continued  increase  in  the  dimensions  of  guns,  and 
the  adoption  of  steel  for  the  construction  of  armour  plates,  the  size 
of  steel  ingots  has  also  increased ;  and,  as  a  matter  of  necessity,  the 
weight  and  power  of  the  mechanical  appliances  used  for  working 
them  into  their  ultimate  shapes  have  also  been  greatly  augmented. 
Accordingly  it  is  found  that  even  60-ton  steam-hammers  are  no 
longer  powerful  enough.  At  the  Paris  Exhibition,  1878,  the  Creusot 
Works  exhibited  the  full-sized  model  of  an  80-ton  hammer  then  in 
course  of  construction,  and  the  model,  also  full-size,  of  a  120-ton 
steel  ingot.  At  the  works  of  Saint-Chamond  an  80-ton  hammer  was 
also  in  course  of  erection,  and  was  expected  to  be  finished  within  six 
months.  For  several  years  past  Krupp  has  talked  of  starting  a 
100-ton  steam-hammer  ;  it  is  not  known  however  in  what  state  this 
stupendous  project  stands  at  the  present  time. 

In  preparing  ingots  for  steel  forgings,  they  are  so  proportioned, 
with  the  view  of  saving  as  much  labour  as  possible,  that  the  cross 
section  of  the  casting  shall  be  about  double  that  of  the  finished 
article.  With  this  proportion  the  outer  porous  layers  of  the  ingot 
are  so  far  reduced  in  thickness  by  forging,  that,  after  removing  a 
comparatively  moderate  thickness  of  metal  in  the  lathe  or  planing 
machine,  a  sound  finished  surface  may  be  confidently  looked  for. 
The  weight  however  which  is  removed  by  turning  or  planing,  even 
under  these  circumstances,  amounts  to  between  10  and  20  per  cent, 
of  the  finished  article ;  which,  added  to  the  head  cut  off  the 
ingot,  represents  an  important  loss  of  material. 
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In  this  system  of  working  it  must  be  borne  in  mind  tliat  the 
porosity  of  the  inner  portions  of  the  ingots,  that  is  the  number  of 
local  contraction-cavities,  is  very  little  reduced  in  the  longitudinal 
direction ;  because  these  cavities  do  not  close,  but  merely  lengthen, 
in  proportion  as  the  surrounding  metal  is  di*awn  out.  In  the 
transverse  or  radial  direction  the  evil  influence  of  the  local  cavities 
is  even  somewhat  augmented ;  as  has  been  clearly  proved  by  testing 
the  tensile  strength  of  various  layers  of  a  thick  forged  ingot.  The 
following  example  will  illustrate  the  above  statement. 

In  Fig.  29,  Plate  14,  is  represented,  by  dotted  lines,  a  cast  ingot, 
the  diameter  of  which  is  D'.  The  full  lines  represent  the  same  ingot, 
after  having  been  forged  under  a  50-ton  hammer  and  reduced  in 
diameter  to  D.  After  forging,  a  central  hole,  of  diameter  d,  was  bored 
out,  and  at  a  seven  strips  were  cut  out  parallel  to  the  axis  of  the  ingot. 
Specimens  prepared  from  these  strips  were  tested  for  tensile  strength, 
and  gave  the  following  results  for  various  values  of  D',  D,  and  d  : — 


Diameter  in  inclies. 

Position  of 
Specimen 

as 

numbered 

on  tlie 

ingot. 

Limit  of 
Elasticity. 

Lbs.  per  sq.  in. 

Ultimate 
Strengtli. 

Lbs.  per  sq.  in. 

Ultimate 
Elongation. 

Per  cent. 

D' 

D 

. 

47-5 

36-5 

11     1 

1 
7 

26468 
34251 

77910 
91140 

16-0 
17-0 

42-5 

32-5 

^ 

2 
6 

29106 
36750 

76440 
94080 

18-0 
16-0 

36-5 

26-5 

•1 

2 
5 

26460 
34986 

85701 
96138 

13-7 
14-8 

36-5 

26-5 

'1 

1 

7 

27342 

42777 

66400 
96800 

16-0 
15-0 

Inasmuch  as  the  ingots  out  of  which  the  specimens  were  taken  had 
all  been  forged,  the  question  may  be  asked,  whether  the  superior 
strength  of  the  outer  layers  of  the  material  cannot  be  explained  by 
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tlio  circumstance  tliat  thoy  came  more  immediately  under  tlie  influence 
of  tlic  liainincr.  In  rc2)ly  it  may  be  stated  that  the  ingots,  after 
Laving  been  forged,  were  annealed  with  more  or  less  rapid  cooling, 
and  tliat  during  this  operation  the  various  layers  were  not  in  an 
identical  condition ;  but  the  samples  cut  out,  before  being  tested, 
were  annealed  again,  under  precisely  similar  circumstances  for  each 
pair,  and  with  slow  cooling  after  heating.  By  this  annealing  the 
influence  of  unequal  forging  was  materially  reduced,  and  therefore 
the  difiference  of  strength  must,  in  a  great  measure,  be  referred  to 
local  cavities.  It  is  much  to  be  regretted  that  no  opportunity 
presented  itself  of  making  similar  experiments  on  unforged  ingots 
of  like  dimensions. 

To  demonstrate  the  existence  of  local  cavities  in  forged  ingots,  it 
is  only  necessary  to  examine  Figs.  30  and  31,  Plate  14,  which  show 
the  shape  and  distribution  of  local  cavities,  in  forged  ingots  of  similar 
size  and  quality  with  those  from  which  the  foregoing  specimen 
strips  were  taken.  The  drawings  are  made  half  the  natural  size, 
from  polished  strips  cut  out  of  forged  ingots  in  the  radial  direction, 
as  indicated  at  h  in  Fig.  29.  The  figures  show  that  forging  has 
caused  the  cavitiesto  elongate  in  the  direction  of  the  axis  of  the 
ingot,  so  as  to  give  them  an  elliptical  shape ;  and  that  the  number 
of  cavities  increases  as  the  centre  is  approached. 

We  have  next  to  examine  the  second  method,  or  that  of 
compression. 

The  investigation  already  made  into  the  phenomena  accompanying 
the  setting  of  steel  makes  it  clear  that,  if  it  were  possible  to  cast 
steel  under  an  atmospheric  pressure  sufficiently  great  to  keep  the 
occluded  gases  in  solution,  then  the  resulting  ingot  would  be 
perfectly  free  from  gas  bubbles.  With  this  view  Galy-Cazalat  in 
1866  proposed  to  cast  steel  under  the  pressure  of  gunpowder  gases, 
and  in  France  it  has  been  suggested  to  use  steam  under  a  pressure 
of  from  6  to  10  atmospheres.  This  method  is  no  doubt  sound 
in  principle ;  but  it  is  of  little  practical  value  on  account  of  the 
many  inconveniences  attending  its  application,  where  the  character 
of  the  products  required  is  so  miscellaneous. 
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Yery  mnch  simpler  is  tlie  process  of  applying  pressure  tlirough 
a  solid  piston,  acting  on  the  surface  of  tlio  freshly  cast  ingot,  and 
thus  producing  the  so-called  "  fluid-compressed  steel."  This  system 
has  received  some  important  practical  applications,  and  deserves 
therefore  to  be  particularly  dwelt  upon. 

The  steel  is  poured  into  the  mould  in  the  ordinary  manner,  and 
immediately  afterwards  its  upper  surface  is  pressed  by  a  solid  piston, 
actuated  by  hydraulic  power.  The  gases  which  had  begun  to  collect 
in  bubbles  on  the  sides  of  the  mould  become  reabsorbed  under  the 
influence  of  the  pressure,  and  the  cavities  are  filled  with  fluid  steel, 
which  thus  takes  the  place  of  the  bands  of  air-bubbles  found  in  other 
cases.  But  in  order  that  this  absorption  of  gases  out  of  the  bubbles 
formed  along  the  sides  of  the  mould  may  take  place,  it  is  indispensable 
that  the  metal  surrounding  those  cavities  should  remain  fluid,  at  any 
rate  on  one  side ;  in  other  words,  that  the  pressure  should  be  applied 
before  a  thick  layer,  locking  the  bubbles  in  on  every  side,  has  had 
time  to  form  along  the  surfaces  of  the  mould.  With  the  view  of 
furthering  this  object,  the  mould  is  lined  with  a  refractory  and 
badly-conducting  lining.  The  pressure  is  usually  maintained  for 
a  length  of  time  suJBScient  to  enable  a  thick  crust  to  be  formed  over 
the  entire  surface  of  the  ingot ;  by  this  means  the  escape  of  the  gases 
is  prevented,  and  these,  as  has  been  already  pointed  out,  will  by  their 
tension  prevent  the  further  evolution  of  gas  in  the  body  of  the 
casting.  If  this  was  the  only  duty  the  hydraulic  press  had  to 
perform,  one  of  moderate  power  would  suf&ce,  because  it  does  not 
require  much  pressure  to  stop  the  evolution  of  gas.  But  if  it  is  also 
intended  to  do  away  with  the  funnel-shaped  contraction-cavities, 
then  the  press  must  be  much  more  powerful,  in  order  that  the  piston 
may  follow  the  shrinkage  of  the  metal  up  to  the  moment  when 
setting  takes  place  in  the  central  portion  of  the  ingot.  This  is  the 
aim  that  Sir  Joseph  Whitworth  proposed  to  himself  in  constructing 
his  large  press,  the  dimensions  of  which  are  truly  colossal ;  for  the 
diameter  of  the  hydraulic  cylinder  is  50  in.,  and  the  water-pressure 
as  high  as  5  tons  per  sq.  in.,  so  that  the  full  pressure  which  may  be 
exerted  amounts  to  10,000  tons. 

It  is  difficult  to  say  to  what  degree  this  press  attains  the  object 
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of  annihilating  tlio  cavities  in  largo  ingots;  for  tbo  specimen 
exhibited  by  Sir  Joseph  Whitworth  in  Paris  had  a  diameter  of  only. 
12  to  13  in.  and  a  length  of  3  to  3\  ft.  It  was  cut  in  halves 
longitudinally,  and  the  cut  faces  were  polished ;  it  was  certainly 
impossible  to  detect,  through  the  glass  case  at  any  rate,  the  presence 
of  any  contraction-cavities,  the  ingot  appearing  to  be  perfectly 
solid.  The  method  of  pressure  however,  notwithstanding  its 
many  apparent  advantages,  has  not,  up  to  the  present  timie,  been 
applied  to  castings  of  complex  form.  Besides  this  it  is  well  known 
that  Sir  Joseph  Whitworth  does  not  content  himself  with  fluid 
pressure  only,  even  for  articles  of  the  simplest  shape,  e.g.  the  rings 
of  heavy  guns,  shot,  shell,  tubes  of  guns,  and  the  like ;  but  subjects 
them  also  to  forging,  under  a  hammer  or  by  pressure.  Consequently 
fluid  pressure  alone  does  not  solve  the  problem  of  bringing  steel 
direct  into  the  various  shapes  required.  It  adds  indeed  to  the 
economy  of  manufacture  and  of  metal,  by  doing  away  with  the 
"  head,"  which  has  to  be  sacrificed  in  the  ordinary  process,  and  by 
reducing  to  a  minimum  the  allowance  for  boring,  turning,  or  planing 
after  forging.  But  even  these  advantages  are  obtained  at  great  cost, 
in  the  shape  of  the  very  large  capital  necessary  for  the  construction 
of  the  press  and  its  accessories,  besides  the  working  expenses,  which 
are  considerable ;  and  this  cost,  charged  on  the  comparatively  small 
output  of  a  press,  is  far  from  being  recouped  by  the  saving  realised. 
This  is  probably  the  reason  why,  in  western  Europe,  the  adoption 
of  the  Whitworth  system  has  been  confined  to  the  inventor's  own 
works. 

The  last  method  of  vanquishing  the  difficulties  surrounding  the 
steel  founder  is  distinguished  from  the  others  in  that  it  completely 
solves  the  question,  and  is  based  on  scieuiific  research. 

A  partial  success,  in  the  harder  kinds  of  steel,  was  obtained 
more  than  twenty  years  ago,  by  Mayer,  at  the  Bochum  works ;  and 
his  method  was  adopted  by  several  German,  Austrian,  and  English 
factories.  As  examples  of  this  process,  the  Bochum  bells,  of  which 
some  3,000  have  been  made  up  to  this  time,  are  esiDCcially  famous ; 
and  various  other  castings,  such  as  wagon  and  locomotive  wheels, 
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crossings,  sundry  ironwork  connected  with  railways,  screw  propellers, 
cylinders  for  steam  engines  and  hydraulic  presses,  toothed  wheels,  &c., 
have  been  turned  out  with  success. 

All  the  above  articles  are  cast  in  sand  moulds,  out  of 
steel  comparatively  hard  and  rich  in  carbon,  melted  in  crucibles ;  each 
charge  having  added  to  it  a  considerable  quantity  of  siliceous  pig- 
iron,  which  imparts  to  the  metal  from  0  •  3  to  0*4  per  cent,  of  silicon. 
As  soon  as  this  method,  which  was  at  first  kept  secret  by  the  works 
where  it  was  adopted,  became  more  generally  known,  it  fell  under  the 
scrutiny  of  scientific  metallurgists,  and  it  was  soon  found  that  the 
soundness  of  the  castings  was  due  to  the  presence  of  silicon  in  the 
steel,  and  that  this  substance  acted  in  a  twofold  manner.  On  the  one 
hand  it  materially  diminished  the  solubility  of  gases  in  steel  during 
the  melting  of  the  metal,  and  on  the  other  it  impeded  the  formation  of 
carbonic  oxide,  a  formation  due  to  the  reaction  of  the  oxygen,  which 
is  dissolved  in  the  steel  during  melting,  on  the  oxide  of  iron  and  the 
carbon. 

Inasmuch  as  melting  in  closed  crucibles  protects  the  metal  in 
a  great  measure  from  the  oxidising  effects  of  the  atmosphere,  and 
at  the  same  time  the  greater  proportion  of  carbon  in  hard  steel 
makes  the  latter  less  liable  to  dissolve  the  oxides  of  iron,  the 
production  of  sound  castings  from  the  crucible  is  less  difficult  than 
when  soft  Bessemer  or  Siemens-Martin  steels  are  used.  At  the 
present  time  however,  judging  from  their  display  at  the  Paris 
Exhibition,  the  Terre-Noire  works  have  overcome  the  last  difficulties 
surrounding  the  art  of  producing  perfect  steel  castings. 

In  order  to  obtain  mild  steel  from  the  Bessemer  converter  or  the 
Siemens-Martin  furnace,  it  is  well  known  that  it  is  necessary,  at  the 
close  of  the  operation,  to  add  considerable  quantities  of  manganese, 
in  order  to  reduce  the  oxide  of  iron  dissolved  in  the  fluid  metal. 
Spiegeleisen  is  employed  for  this  purpose,  on  account  of  the  large 
quantity  of  manganese  it  contains ;  and,  for  very  mild  qualities  of 
steel,  the  so-called  "  ferro-manganese  "  is  used.  This  has  a  similar 
composition  to  spiegeleisen,  that  is,  iron,  carbon,  and  manganese; 
but  the  proportion  of  the  latter  is  so  large  that  the  fracture  of  the 
metal  no  longer  presents  the  large  mirror-like  facets  which  characterise 
spiegeleisen. 
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The  honour  of  introducing  the  use  of  mixtures  of  iron  bearing 
a  very  high  proportion  of  manganese,  reaching  even  to  80  and 
85  per  cent.,  belongs  to  the  engineers  of  the  Terrc-Noiro  works, 
under  the  management  of  M.  Euverte;  and  to  them  also  must  be 
ascribed  the  credit  of  adding  a  large  quantity  of  silicon,  and  thus 
achieving  the  imj^ortant  end  of  obtaining  sound  castings  out  of  mild 
Siemens-Martin  or  Bessemer  steel.  It  is  well  known  that  in  the 
Bessemer  converter,  as  well  as  in  the  furnaces  of  Martin  and  Pernot, 
the  silicon,  which  is  contained  in  the  fluid  metal  at  the  beginning  of 
the  process,  nearly  all  becomes  oxidised,  and  disappears  in  the  slag ; 
the  exception  being  when  the  Bessemer  process  is  carried  on  at 
a  very  high  temperature,  and  with  pig-iron  containing  a  large 
percentage  of  silicon.  It  happens  therefore  that  at  the  end  of  the 
process  the  metal  is  generally  free  from  silicon;  and  as  neither 
spiegeleisen  nor  ferro-manganese  contain  much  silicon,  it  results  that 
the  steel,  after  the  addition  of  either  of  those  two  substances,  is  very 
little  richer  in  silicon  than  before.  This  is  the  reason  why  both 
Bessemer  and  Siemens-Martin  steel  hold  large  quantities  of  gases 
and  oxides  in  solution,  and  why  castings  made  from  them  are  generally 
permeated  with  gas-bubbles.  The  ferro-manganese-silicon  meltings, 
now  produced  at  Terre-Noire,  furnish  the  means  of  introducing  into 
the  final  product  of  the  Bessemer  or  Siemens-Martin  process  such 
quantities  of  silicon  as  are  indispensable  for  the  perfect  decomposition 
of  the  carbonic  oxide  dissolved  in  the  metal;  and  for  the  formation 
of  a  double  silicate  of  iron  and  manganese,  during  the  reduction  of 
the  iron  oxides  which  are  also  dissolved  in  the  steel.  This  double 
silicate,  being  very  buoyant  and  fluid,  rises  with  comparative  freedom 
to  the  surface;  and  in  this  manner  very  effectually  clears  the 
metallic  bath  of  the  finely-divided  slags,  which  exercise  a  pernicious 
influence  on  the  mechanical  properties  of  the  steel  produced. 

According  to  M.  Pourcel,  the  new  mixture  is  added  at  the 
end  of  the  process,  before  casting,  and  in  such  quantities  that  the 
cast  metal  should  contain  0*2  to  0*3  per  cent,  of  silicon.  In  order  to 
neutralise  the  pernicious  influence  of  silica  on  the  stability  of  the 
union  between  the  iron  and  the  carbon,  it  is  necessary  to  introduce 


X\^.  1880.  CAST-STEEL   INGOTS.  175 

such  a  quantity  of  manganese  that  the  proportion  between  the  silicon 
and  the  manganese  should  be  as  2  to  3.* 

Steel  produced  under  these  conditions  pours  into  the  moulds 
quickly  without  boiling  up,  and  produces  castings  free  from  bubbles. 
To  reduce  contraction-cavities,  heads  are  used  as  in  iron  castings. 
The  splendid  collection  of  cast-steel  articles,  shown  by  the  Terre- 
Noire  works,  proves  that  the  problem  of  obtaining  the  most  complex 
forms  of  steel  by  direct  casting  into  moulds  is  now  very  near  its 
complete  solution. 

Even  if  it  cannot  be  said  that  the  difficulties  surrounding  the 
production  of  perfectly  sound  castings  out  of  jpwe  steel  have  been 
completely  vanquished,  yet  it  is  fit  that  full  recognition  be  made  of 
the  services  rendered  by  the  Terre-Noire  works  in  preparing,  by 
rational  and  scientific  investigation,  a  way  to  the  desired  end.  It 
may  now  be  said  that  the  veil  has  at  last  been  lifted,  which  concealed 
so  long  from  the  eyes  of  numerous  investigators  the  cause  of  the 
porosity  of  steel  castings.  It  remains  still  to  discover  how  to  reduce 
the  addition  of  silica  to  a  minimum,  in  order  to  avoid,  as  much 
as  possible,  the  use  of  manganese,  which  is  necessary  to  neutralise 
the  action  of  silica  in  withdrawing  the  carbon  from  its  union  with 
the  iron.  No  less  important  are  the  investigations  of  Pourcel  on  the 
fluidity  and  subsidence  of  the  silicates  produced  by  the  addition  of 
ferro-manganese,  at  the  end  of  the  conversion,  in  the  manufacture  of 
Siemens-Martin  and  Bessemer  steel. 

Among  the  castings  exhibited  by  the  Terre-Noire  factory,  the 
following  claim  special  notice. 

(1.)  Two  shots  of  0-32  m.  (12}  in.)  diam.  and  0-786  m.  (301  in.) 

*  It  is  assumed  that  silicon  possesses  the  property  of  separating  carbon,  in  the 
form  of  graphite,  from  its  combination  with  iron.  The  experiments  of  Caron 
have  shown  that  if  steel,  rich  in  carbon  and  also  containing  much  silicon,  is 
heated  frequently  and  for  a  long  time,  without  being  forged,  or  is  repeatedly 
annealed,  it  deteriorates  greatly,  because  nearly  the  whole  of  the  carbon  becomes 
separated  in  the  form  of  graphite.  Manganese,  by  combining  with  the  silicon, 
prevents  this  action  taking  place ;  and  hence,  in  the  best  Sheffield  steel,  the 
presence  of  manganese  is  considered  an  indication  of  superior  quality,  although 
it  would  be  utterly  useless  but  for  the  occurrence  of  silicon. 
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length,  wliicli  liad  passed  through  iron  armour  0-30  m.  (ll^  in.) 
thick,  backed  by  1  m.  (3  ft.  3  J  in.)  of  timber.  The  shots  struck  the 
target  at  an  angle  of  20°  and  remained  uninjured,  witli  the  exception 
of  a  slight  deformation  of  the  heads,  by  which  the  projectiles  were 
shortened  by  from  14  to  19  mm.  (0-55  to  0*75  in.),  the  diameters 
were  increased  by  0  •  5  mm.  (0  *  02  in.),  and  the  points  were  deflected 
17-5  to  27  mm.  (0-68  to  1-05  in.)  from  the  axis. 

(2.)  The  inner  tube  for  a  14-centimetre  (5^-  in.)  naval  gun.  This 
tube  had  been  tested  by  a  committee  on  naval  artillery  experiments 
at  Ruelle.  One  hundred  rounds  had  been  fired,  commencing  with 
charges  of  4  •  2  kg.  (9  •  3  lb. )  of  powder  and  18  •  65  kg.  (41*1  lb.)  of  shot, 
and  ending  with  4  •  9  kg.  (10  •  8  lb.)  of  powder  and  21  kg.  (46  •  3  lb.)  of 
shot.  The  deformation  proved  to  be  somewhat  less  than  with  forged 
steel  tubes  tested  under  like  conditions. 

(3.)  An  experimental  tube  that  had  stood  the  powder  test  at 
Bourges. 

(4.)  A  rough  turned  ingot  for  a  24-centimetre  (9^  in.)  gun  ; 
weight  11 J  tons. 

(5.)  Inner  tubes  for  guns  of  24-  and  32-centimetre  (9J  in.  and 
12 J  in.)  calibre,  and  a  trunnion  ring  for  a  42-centimetre  (16^  in.) 
gun,  weighing  6^  tons ;  a  crank  for  a  steam  engine  of  400  H.P. ; 
a  locomotive  crank-axle,  and  so  forth. 

The  finish  of  all  these  articles  would  compare  favourably  witli 
that  of  the  best  iron  castings.  In  the  thicker  ingots  however,  and 
especially  in  the  central  parts,  the  fractures  showed,  scattered  here 
and  there,  those  local  contraction-cavities  which  have  already  been 
minutely  described. 

On  examining  the  region  of  bubbles  entangled  in  the  central  parts 
of  steel  ingots,  it  will  be  seen  that  in  most  cases  the  lower  half  of  a 
bubble  has  a  more  or  less  smooth  hemispherical  form,  while  the  sides, 
and  especially  the  upper  portions,  are  covered  with  arborescent  growths 
of  tlie  most  varied  forms,  as  shown  magnified  in  Fig.  32,  Plate  14.  On 
carefully  comparing  these  arborescences  with  the  discontinuous  crystals 
of  the  cpntraction-cavities,  it  will  be  noticed  that  a  similarity  exists 
between  them,  and  that  the  arborescences  are  in  fact  formed  from  the 
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crystals  encountered  by  the  bubble  in  its  upward  movement,  at  a  time 
when  the  steel  has  so  far  set,  that  is,  has  become  so  far  filled  with 
discontinuous  crystals,  that  the  bubble  cannot  freely  rise  to  the  surface. 
As  the  bubble  floats  upwards,  motion  of  the  surrounding  fluid  takes 
place ;  the  floating  crystals  are  moved  aside  and  turned  over,  and  as 
they  are  at  the  same  temperature  as  the  surrounding  fluid,  they  are 
very  tender,  and  apt,  on  the  least  provocation,  to  dissolve  again. 
Consequently,  during  the  passage  of  a  bubble,  the  crystals  are  partly 
dissolved  and  partly  transformed  ;  they  interlock  with  each  other  and 
form  arborescences  of  the  most  complicated  shapes,  so  much  so  that  it 
is  frequently  impossible  to  find  any  likeness  to  the  discontinuous 
crystals  from  which  they  were  originally  produced.  This  may  be 
seen  in  Figs.  33  and  34,  Plate  14,  the  latter  representing  one  of  the 
arborescences  detached  and  magnified  80  times. 

From  what  has  been  said  above  it  is  evident  that  in  order  to 
destroy  the  discontinuous  crystals  which  are  constantly  forming,  in 
other  words  to  effect  their  complete  solution  in  the  surrounding 
fluid  mass,  it  is  sufficient  to  give  to  that  mass  a  comparatively  slow 
movement,  seeing  that  the  motion  of  the  gas  bubbles  alone  is  almost 
enough  to  accomplish  the  same  object.  This  circumstance  leads  to 
the  conclusion  that  it  is  possible  to  prevent  the  acicular  formation  of 
the  outer  layers  of  ingots  cast  in  iron  moulds,  as  well  as  to  obliterate 
the  local  cavities  or  porosities  of  the  central  portions. 

In  fact,  if,  during  the  pouring  of  an  ingot,  the  mould  were  caused 
to  rotate  with  considerable  velocity,  then  the  discontinuous  crystals 
tending  to  form  at  right  angles  to  the  sides  would  not  be  in  a 
condition  to  develop  so  rapidly  as  if  the  mould  were  at  rest ;  and 
the  steel  would  set  in  smooth  layers  of  amorphous  structure.  If  the 
rotation  is  continued  till  the  central  core  of  the  ingot  has  set,  then 
the  whole  mass  will  present  a  uniform  structure,  and  all  causes  for 
the  formation  of  local  cavities  will  cease.  The  casting  will  be 
perfectly  sound  throughout,  and  will  not  require  to  be  consolidated 
either  by  hammering  or  by  pressure.  It  will  be  sufficient  to  anneal 
the  ingot,  in  order  to  destroy  the  coarsely  crystalline  formation 
which  the  metal  receives  after  it  has  set,  during  the  slow  subsequent 
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cooling.  Inasmuch  as  in  tlic  beginning  of  tlic  2)ouiing,  in  consequence 
of  tlio  powerful  cooling  action  of  tlic  mould,  the  crystals  grow  very 
rapidly,  it  is  necessary  tLat  tlic  rotation  of  the  mould  should  bo 
ra])id ;  but  as  the  friction  between  tlic  sides  of  the  mould  and  the 
fluid  steel  will  cause  the  latter  also  to  revolve,  it  will  be  necessary 
from  time  to  time  to  alter  the  direction  of  rotation,  in  other  words 
to  cause  the  revolution  to  take  place  in  alternate  directions  at 
tolerably  short  intervals. 

For  cylindrical  ingots  in  which  an  axial  bore  is  afterwards  to  be 
made,  such,  for  example,  as  those  prepared  for  the  manufacture  of 
breech-loading  guns,  it  would  be  more  convenient  to  cause  the  mould 
to  revolve  on  a  horizontal  axis,  and  with  this  object  to  turn  it  on  its 
side,  as  soon  as  the  crust  over  the  upper  open  end  had  formed. 
The  contraction-cavity  would  then  be  distributed  evenly  along  the 
whole  length  of  the  axis,  instead  of  forming  a  funnel  at  one  end  ;  and 
there  would  be  no  need  to  add  any  considerable  head  of  metal. 
For  shell,  when  unforged,  and  cast  at  once  to  the  finished  form,  as 
at  Terre-Noire,  the  rotation  would  answer  best  on  an  inclined  axis, 
since  it  would  then  tend  to  produce  a  long  funnel-shaped  cavity, 
very  nearly  of  the  shape  required.  It  is  impossible  not  to  admit 
that  the  constant  mixture  of  the  metal  during  rotation  will  tend  to 
create  uniformity  of  structure  and  prevent  liquation. 

The  above  description  brings  to  mind  the  so-called  "centrifugal 
system  "  of  casting,  but  the  similarity  is  superficial  only.  Up  to  the 
present  time  the  idea  of  centrifugal  casting  implies  the  development 
and  use  of  centrifugal  force  in  order  to  consolidate  the  metal  in  a 
radial  direction ;  as  for  example  in  the  tread  of  a  cast-iron  wagon 
wheel.  If  it  is  really  a  fact  that,  with  the  centrifugal  method  of 
casting,  the  iron  becomes  more  sound  and  compact,  then  this  effect 
must  not  be  ascribed  to  centrifugal  force,  but  only  to  the  circumstance 
that  the  motion  produced  in  the  liquid  metal  hinders  the  formation  of 
discontinuous  crystals.  It  is  highly  probable  that  the  use  of  this 
process  would  very  greatly  improve  the  qualities  of  chilled  cast-iron 
rolls,  of  cast-iron  ordnance  and  projectiles,  and  of  some  kinds  of  brass 
castings. 
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There  still  remains  one  question  to  discuss — a  question  which  has 
already  been  considered  in  the  author's  paper  of  ten  years  ago,  on  the 
Manufacture  of  Steel — namely  whether  forging  is  necessary  to  steel, 
even  when  cast  perfectly  sound,  without  bubbles  or  local  contraction- 
cavities.  To  answer  this  question  it  would  be  sufficient  to  refer  to  the 
experiments  made  in  1869  by  a  Committee  of  the  Technical  Society 
(see  their  Proceedings,  1870,  second  issue)  ;  but  several  new  facts  are 
available,  and  these  are  embodied  in  Tables  I.  and  II.  appended. 

A  comparison  of  the  figures  in  these  two  Tables  shows  the 
uselessness  of  any  kind  of  pressure  or  forging  to  improve  the 
mechanical  properties  of  steel.  The  whole  question  lies  in  the 
skill  of  the  founder.  The  low  mechanical  properties  which 
distinguish  unannealed  cast  steel,  whether  compressed  or  not, 
from  annealed  or  forged  steel,  can  be  explained  by  its  coarsely 
crystalline  structure,  by  the  presence  of  local  cavities,  and 
especially  by  granulation.  This  latter  defect  is  only  partially 
removed  by  annealing,  which  may  be  explained  by  the  circumstances 
that  the  surfaces  of  contact  of  the  grains  are  separated  by 
varying  distances;  and  that  these  distances  always  exceed  the 
limits  within  which  cohesion  acts  at  ordinary  temperatures,  but 
not,  in  general,  its  limits  at  a  bright  red  heat.  If  these  latter  limits 
are  not  exceeded,  then,  when  the  steel  is  heated  for  annealing 
purposes,  the  grains  stick  together.  It  happens  most  frequently  that 
only  some  of  the  grains  adhere  to  each  other,  those  namely  which  are 
not  separated  beyond  the  limits  of  cohesion  at  a  high  temperature, 
while  the  remainder  do  not  unite.  In  this  manner,  in  most  cases, 
granulation  is  only  lessened,  and  not  entirely  destroyed,  by  annealing. 

Granulation  is  further  developed  by  the  tension  produced  during 
the  cooling  of  the  castings,  and  while  they  are  still  at  a  red 
heat.  The  outer  layers  are  brought  into  a  state  of  tension  at  the 
commencement  of  cooling,  and  the  inner  ones  towards  the  end.  In 
this  respect  Sir  Joseph  Whit  worth's  method  of  casting  with  an 
internal  core  is  objectionable  ;  the  core  hinders  the  free  contraction 
of  the  annular-shaped  casting,  causes  the  metal  to  stretch,  and  so 
favours  the  development  of  granulation.     This  is  the  reason  why 
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strongly  compressed  steel  in  the  form  of  annular  ingots  lias 
comparatively  low  tensile  strength,  even  after  having  been  annealed. 
It  is  well  known  that  Sir  Joseph  Wliitworth  forges  or  otlicrwise 
works  his  steel  sifter  2)ressing ;  and  a  comparison  of  Tables  T.  and  II. 
demonstrates  that  it  is  only  after  forging  that  annular-shaped 
compressed  steel  can  compare  in  mechanical  properties  with  the  cast 
and  annealed  steel  of  the  Terre-Noire  works. 

It  may  here  be  noted  that  Sir  Joseph  Whitworth's  results  show 
remarkably  great  elongation  in  his  steel  before  rupture ;  but  it  should 
be  borne  in  mind  that  his  samples  were  only  2  inches  long,  while  all 
other  makers  make  use  of  specimens  8  inches  long,  which  only  give 
about  half  the  proportionate  extension  under  tensile  tests. 

The  conclusion  to  be  drawn  from  what  has  now  been  discussed  is 
the  following. 

The  problem  of  preparing  sound  castings,  direct  from  the  mould, 
may  be  considered  solved  as  far  as  the  absence  of  gas-bubbles  is 
concerned ;  and  this  is  the  point  of  cardinal  importance,  whether  the 
result  be  obtained  by  the  high  temperature  at  which  the  metal  is 
poured,  by  the  use  of  silicon,  or  by  subjecting  the  casting  to  moderate 
pressure,  say  six  to  ten  atmospheres.  To  give  the  steel  so  obtained 
its  best  internal  structure,  and  the  necessary  mechanical  properties, 
it  is  sufficient  to  anneal  it,  with  a  more  or  less  rapid  cooling  or 
tempering. 

Special  attention  in  casting  has  to  be  devoted  to  the  suppression 
of  contraction-cavities  and  granulations,  whether  grain-like  or 
prismatic  in  form.  These  can  be  prevented,  as  has  been  shown,  by 
proper  methods ;  among  the  best  of  which  is  that  of  keeping  up 
motion  in  the  melted  steel  which  is  in  contact  with  the  solidified 
layers.  Granulations  will  be  avoided  by  the  use  of  sand,  or  other 
non-conducting,  moulds,  by  letting  the  castings  cool  slowly,  and  by 
removing  all  obstacles  to  the  free  contraction  of  all  the  parts  of  the 
casting.     The  same  precautions  will  prevent  the  formation  of  cracks. 

For  the  most  simple  forms  these  requirements  are  most  readily 
met— and  that  without  necessitating  a  high  temperature  in  the  metal, 
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Which  is  specially  important  with  respect  to  f ''f  f -"^^  *"  ^^ 
of  substantial  cast-iron  moulds,  thickly  perforated  w.th  holes,  and 
protected  by  a  fire-resisting  lining  of  moderate  thickness 
'The  compression  of  fluid  steel  by  means  of  a  solid  p.ton  appears 
to  be  applicable  only  to  the  simplest  forms,  and  to  have  no  real 
Ll  hire  it.  ThJhammer  and  the  rolls  would  stiH  be  necessary 
for  the  production  of  such  ordinary  shapes  as  cannot  by  castm„ 
be  produced  sound  and  with  a  smooth  sHn. 


182 


CAST-STEEL    INGOTS. 


Jan.  1880. 


TABLE  I. 

Experiments  on  the  Tensile  Strength  of  Steel 
AT  the  Terre-Noire  Works. 

Diameter  of  Specimens,  14  mm.  (0  •  55  in.) 
Length  of  Specimens,  100  mm.  (3-93  in.) 


Nature  of  Specimens. 


j    No.  of 
iSpecimen, 


PcrcontiRe 
of  Carbon. 


Per  cent. 


Elastic 
Limit. 


Tons 
per  sq.  in. 


Ultimate    i       Final 
Strength,      Elongation. 


Tons 
per  pq.  in. 


Per  cent. 


Forged  Steel. 
(Containing  about   I   per 
cent,  of  manganese  and 
a  trace  of  silicon.) 


The  same  after  annealing 

in  oil. 
(Composition  as  above.) 


0-150 
0-490 
0-709 
0-875 

0-150 
0-490 
0-709 
0-875 


13-70 

16-32 

19-69 

21-31 

20-43 

27-79 

42-86 

56-38 

22-24 
30-40 
42-36 
46-16 

28-16 
43-92 
66-72 
66-14 


34-0 

24-0 

15-0 

9-5 

28-6 

12-0 

4-0 

1-0 


Cast  Steel  not  Forged. 

(Containing   about   f  per  | 
cent,  of  manganese  and 
I  per  cent,  of  silicon.) 


The  same  after  annealing 

in  oil  and  tempering. 

(Composition  as  above.) 


1 

0-287 

1 

13-08 

'       10 

0-459 

16-51 

1     n 

0-750 

■  19-00 

12 

0-875 

24-42 

13 

0-287 

19-69 

14 

0-459 

20-87 

15 

0-750 

22-30 

16    ' 

0-875 

28-66 

27-85 
26-98 
40-00 
40-18 

32-27 
34-58 
46-23 
51-46 


8-8 
SO 
3-5 
1-5 

24-6 

19-2 

14-3 

3-5 
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TABLE  11. 
Experiments  on  the  Tensile  Strength  of  Steel 

AT    THE    AbOUCHOFF    WoilKS. 

Diameter  of  Specimens,  12*5  mm.  (0-49  in.) 
Length  from  150  mm.  to  250  mm.  (5*91  to  9*84  in.) 


Elastic 

Ultimate 

Final 

Nature  of  Specimens. 

Limit. 

Strengtli. 

Extension. 

Remarks ; 

and  Percentages  of  Carbon. 

Tons 

Tons 

Per  cent 

Silicon,  and  Manganese. 

per  sq.  m. 

per  sq.  m. 

From  an  8-in.  Bes- 

semer  steel  shot, 

No.    2046    Abou- 

Mean  of  two  analyses. 

choff  Works;  not 

forged     nor     an- 

nealed 

16-38 

39-37 

4-0 

iC  =  0-70;  Si  =  0-07; 
\        Mu  =  0-54. 

Ditto,  annealed 

24-93 

46-59 

8-0 

Forged       Bessemer 

gun  steel,  No.  1095 

17-71 

39-37 

16-5 

lC  =  0-43;  Si  =  0-04; 
\          Mn  =  0-30. 

Ditto,  second  sample 

18-43 

40-02 

15-5 

Forged  and  annealed 

iC  =  0-35;  Si  =0-01; 

Bessemer       steel, 

16-40 

42-65 

200 

Mn  =  0-I2; 

from  rings  of  9  in. 

to 

to 

to 

\                  to 

mortar  (result  of 

18-37 

48-55 

14-0 

C  =  0-45;  Si  =  0-10; 

many  samples)     . ) 

Mn  =  0-30. 

Forged  11-in.  shotof 

Krupp's  manufac- 

/C =  0-68;  Si  =  0-23; 
\          Mn  =0-29. 

ture    . 

•• 

45  27 

10-0 

Unforged    annealed  j 

24-93 

46-59 

3-4 

9-in.  shotof  Terre-> 

to 

to 

to 

rC  =  0-57;  Si  =  0-24; 
Mn  =  0-29. 

Noire  make          . ) 

26-24 

53-15 

5-6 

XJnforged    annealed 

9-in.   shot,   Isnos- 

koff's  make 

36-74 

36-74 

0-4 

/C  =  0-72;  Si  =  0-22; 
i          Mn  =  0  61. 

Fluid      compressed 

Crucible  steel 

steel,         pressure 

containing  about 

about  2100  atm.; 

0  =  0-54. 

1.  Without  further 

working  . 

18-59 

30-61 

2-4 

Mean  of  6  specimens. 

2.  Annealed 

20-83 

34-61 

6-7 

.,     „     4          „ 

3.  Forged  and  an- 

nealed    . 

21-00 

42-00 

16-0 

2 

Fluid      compressed 

> 

sttel,  pressure  of 

about   1200  atm.; 

forged     and     an- 

nealed 

17-39 

32-15 

18-1 

"     11     2          „ 
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Institation  d  Pwljunicd  (gitgiiuers. 


PROCEEDINGS 


April  1880. 


The  Spring  Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  London,  on  Thursday,  22nd  April,  1880,  at  half- 
past  seven  o'clock,  p.m. ;  Edward  A.  Cowper,  Esq.,  President,  in  the 
chair. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and 
signed. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  Committee  of  the  Council, 
and  that  the  following  candidates  had  been  found  to  be  duly 
elected  : — 


members. 


James  Anderson,   . 
Egbert  Baillie, 
William  Neish  Bain, 
Alexander  Borodine, 
Francis  Egbert  Fountaine 
Charles  Merson  Davies, 
William  Alfred  Harry  de 
Paul  Farcot,     . 
William  Bernard  Godfrey 
Harrison  Hayter, 
James  Humphrys,  . 
David  Joy, 
Daniel  Longworth, 
Egbert  Frewen  Martin, 


Brown. 


Pape,  . 


Mouram,  Eussia. 

London. 

Hong  Kong,  China. 

Kieff,  Eussia. 

Montreal,  Canada. 

Klumdna,  India. 

Tottenham. 

St.  Ouen,  France. 

London. 

London. 

Barrow-in-Furness. 

London. 

London. 

Loughborough. 


ISG 


ELECTION    OF    NEW    MKIIDEUS. 


ArniL  1880. 


ElCHAED    ]\l0UELAND,    JUN., 

James  Courthope  Peache,   . 
James  Stiuling, 


London. 

Crewe. 

Asliforcl. 


ASSOCIATE. 


William  Edgar  Allen, 


Sheffield. 


graduates. 
Edward  William  Anderson,   . 
William  Henry  Eay  Buckle, 
Archibald  Adley  Francis, 
Francis  Marten  Weymouth, 
Francis  Colin  York, 


London. 

Newcastle-on-Tyne. 

London. 

London. 

Wolverhampton. 


The  President  announced  that  a  legacy  of  £100  had  been 
presented  to  the  Institution  by  the  executors  of  the  late  Mr.  Robert 
Napier,  Past-President,  being  part  of  a  sum  of  money  left  by  him 
to  be  divided  amongst  scientific  institutions,  at  the  discretion  of 
his  executors.  The  Council  had  resolved  that  this  money  should  be 
laid  out  in  the  purchase  of  books,  which  were  very  much  required  for 
the  library.  The  books  would  be  kept  separate  from  the  rest  of 
the  library,  as  the  bequest  of  Mr.  Napier.  In  fui'therance  of  the 
same  object,  a  list  had  been  made  out,  of  books  which  it  was  desirable 
to  add  to  the  library,  and  that  list  would  be  circulated  among  the 
Members,  some  of  whom  might  be  willing  to  make  contributions  of 
spare  copies  from  their  own  stock,  or  might  suggest  where  they 
could  be  obtained. 


The  President  announced  that  the  Eesearch  Committee  on 
Riveted  Joints  were  now  carrying  on  their  experiments,  for  which 
Professor  Kennedy,  of  University  College,  had  kindly  offered  the 
use  of  his  testing  machine  gratuitously :  and  on  the  following 
morning  any  Member  of  the  Institution  could  have  the  opportunity 
of  witnessing  the  experiments  in  progress. 
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The  President  announced  that  the  Summer  Meeting  would  bo 
held  at  Barrow-in-Furness.  There  would  be  meetings  for  the  reading 
of  papers  on  the  3rd,  4th,  and  5th  of  August,  and  probably  excursions 
on  the  6th  and  7th. 


The  following  paper  was  then  read  : — 


s  2 
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ON  PERMANENT  WAY  FOR  STREET  TRAMWAYS, 
WITH    SPECIAL    REFERENCE    TO    STEAM    TRACTION. 


By  Mr.  J.  D.  LARSEN,  of  London. 


If  we  dismiss  from  consideration  Mr.  Train's  attempts  in  1861,  the 
failure  of  which  arose  from  the  unsuitable  section  of  rail  adopted,  we 
may  fairly  say  that  the  introduction  of  Street  Tramways,  so  far  as 
London  is  concerned,  dates  only  from  1869.  In  that  year  three 
lines  were  authorised,  viz.  (1)  the  North  Metropolitan  Tramways, 
embracing  the  Whitechapel,  Mile  End,  and  Bow  roads ;  (2)  the 
Metropolitan  Street  Tramways,  for  the  Kennington,  Brixton,  and 
Clapham  routes ;  and  (3)  the  Pimlico,  Peckham,  and  Greenwich 
Tramways,  from  Pimlico  to  Greenwich.  The  two  latter  companies, 
which  had  powers  over  some  25  miles  of  streets,  have  since  been 
amalgamated,  and  are  now  known  under  the  title  of  the  London 
Tramways  Company. 

Some  idea  of  the  success  of  tramways,  and  of  the  increasing 
estimation  in  which  they  are  held  by  the  public,  may  be  formed  from 
the  fact  that  in  nine  years,  up  to  30th  June  1878,  there  had  been 
authorised  by  Parliament  no  less  than  65  miles  58  chains  of  line,  of 
which  56  miles  50  chains  were  completed  and  open  for  public  traffic. 
The  greater  portion  of  this  was  double  line  ;  turned  into  length  of 
single  line  it  gives  124  miles  46  chains  authorised,  and  107  miles 
29  chains  finished.  These  lines,  necessitating  a  paid-up  capital  of 
as  much  as  £1,326,054,  refer  to  the  metropolitan  district  only. 

The  growth  of  the  system  has  been  no  less  widely  developed  in 
the  provinces.    The  total  mileage  of  road  for  the  United  Kingdom  was 
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at  the  same  date  346J  miles  authorised,  and  nearly  269  miles  finished 
and  in  use.  This,  turned  as  before  into  length  of  single  line,  gives 
526J  miles,  and  408^  miles  respectively,  with  a  paid-up  capital  of 
£4,035,464. 

The  extensive  patronage  which  tramways  receive  from  the  public 
(nearly  150  millions  of  passengers  being  carried  annually)  is  by  no 
means  due  to  the  superior  accommodation  of  the  vehicles,  as  is 
evidenced  by  the  fact  that  the  business  of  the  London  General 
Omnibus  Company,  contrary  to  all  expectation,  is  not  adversely 
affected  by  them.  In  the  author's  opinion  their  success  is  mainly 
due  to  the  reduction  in  fares,  and  to  the  increased  service,  these  two 
innovations  having  been  sufficient  to  create  a  traffic  which  before 
was  non-existent. 

Street  tramways  are  now  so  firmly  established,  and  have  proved  so 
great  a  boon  to  the  masses,  that  the  opponents  to  the  system,  on  the 
score  of  its  spoiling  the  roads,  are  daily  being  ousted  from  their 
position.  Any  improvements  in  the  facilities  for  intercommunication 
in  large  towns  are  of  such  vital  importance  to  the  industries  which 
have  created  such  towns,  that  the  opposition  of  the  few  must 
inevitably  succumb  to  the  rapidly  increasing  wants  of  the  many. 

The  objections  to  a  tramway  on  a  public  highway  are  being 
grappled  with  and  overcome  one  by  one  as  experience  is  gained ;  and 
if  ten  years  hence  the  best  constructed  tramway  is  as  far  superior  to 
the  best  of  the  present  day  as  this  latter  is  to  the  original  road  of 
ten  or  more  years  ago,  we  shall  have  so  far  progressed  that  opposition 
on  the  ground  of  interference  with  other  interests  will  not  be 
tenable. 

The  author's  present  object  is  to  point  out  some  of  the  defects  in 
the  different  systems  of  permanent  way  for  tramways,  and  some  of 
the  steps  that  have  been  taken  to  overcome  them.  It  may  be  observed 
at  starting  that  many  lines  in  this  and  other  countries  have  been 
unfairly  handicapped,  by  being  called  upon  for  duties  they  were 
never  designed  or  constructed  to  perform,  notably  in  the  matter  of 
steam  traction  in  lieu  of  horse-power.  Here,  in  addition  to  the  rails 
having  to  carry  perhaps  three  times  the  load  originally  intended,  all 
the  tractive  force  is  transferred  from  the  roadway  to  the  rails  ;  and 
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when  it  is  considered  that  this  is  an  entirely  new  and  very  heavy  duty, 
which  these  lines  were  never  expected  to  perform,  the  only  matter 
for  surprise  is  that  they  should  have  stood  so  well.  A  tramway  that 
would  serve  admirably  for  heavy  horse  traffic,  might  be  so  constructed 
that  to  use  steam  traction  on  it  would  be  to  destroy  it  immediately. 
An  illustration  may  be  found  in  the  original  way  or  track  laid  for 
the  running  of  coal-wagons,  otherwise  trams,  whence  the  derivation 
of  the  word  "  tramway."  These  tracks  were  made,  and  are  so  still 
in  some  places  abroad,  of  hard  wood  scantling,  about  4  in.  square, 
faced  with  light  flat  bar  iron  spiked  on.  These  do  good  service  with 
horse  or  mule  traction ;  but  to  transfer  the  tractive  force  from  the 
road  to  the  rails  themselves  would  ensure  their  total  failure. 

Early  Systems  of  Laying  Tramways. — The  first  form  of  rail  used  in 
London  is  shown  in  Fig.  2,  Plate  15  ;  it  is  the  same  as  had  previously 
been  used  in  Liverpool  and  Birkenhead  by  Mr.  George  Hopkins. 
The  method  of  construction  was  also  the  same,  except  that  in 
London  trenches  for  concrete,  about  9  in.  deep,  were  dug  under  the 
longitudinal  sleepers,  as  shown  in  Fig.  1.  The  Whitechapel  section 
of  the  North  Metropolitan  Company,  and  the  Brixton  section  of  the 
London  Tramways  Company,  were  laid  in  this  manner.  The  rails 
weighed  45  to  48  lbs.  per  yard,  and  were  spiked  to  the  longitudinal 
sleepers  by  vertical  spikes,  through  countersunk  holes  made  in  the 
bottom  of  the  groove.  The  longitudinals  were  laid  in  cast-iron 
chairs,  or  shoes ;  and  the  gauge  was  secured  by  1 J  in.  x  f  in.  iron 
tie-rods,  the  ends  of  which  were  upset  of  a  dovetail  form,  as  shown  in 
Fig.  3,  and  dropped  into  sockets  of  corresponding  shape,  cast  on  the 
shoes.  There  were  many  objections  to  these  tie-rods  :  in  the  first 
place,  the  slightest  variation  in  the  angle  of  the  bevelled  ends,  or  of 
the  sockets,  would  affect  the  gauge ;  in  the  next  place,  after  the  road 
was  finished  the  tie-rods  would  occasionally  work  up  above  the 
surface  of  the  stones ;  and  last,  but  not  least,  in  some  instances  it 
was  found  that  when  the  pavior  came  upon  a  rod  that  did  not  lie 
conveniently  for  a  joint  in  the  paving,  he  would,  if  he  had  an 
opportunity,  solve  the  difficulty  by  lifting  it  out,  dropping  it  into  the 
l)ottom  of  the  trench,  and  paving  over  it,  in  which  position  it  was 
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possibly  quite  as  useful  as  in  any  other.  In  the  reconstruction  of 
some  of  the  North  Metropolitan  lines  in  1877,  the  tie-bar  shown  in 
Fig.  4,  Plate  15,  was  substituted,  which  did  away  with  many  objections 
to  the  former  system.  In  some  places  the  author  has  used  the  forms 
of  tie-rods  shown  in  Figs.  5  and  6,  that  in  Fig.  5  having  a  cottered 
end,  and  that  in  Fig.  6  being  simply  split,  turned  back,  and 
punched  for  the  nails.  Where  however  the  rail  is  mounted  on 
a  longitudinal  timber  sleeper  of  a  width  not  exceeding  the  rail, 
transverse  sleepers  should  be  used  if  possible  instead  of  ties.  At  the 
same  time  it  would  be  bad  policy  in  dealing  with  a  road  previously 
paved,  and  where  the  substratum  under  the  setts  is  in  good  condition, 
to  destroy  this  for  the  purpose  of  putting  in  cross  sleepers  ;  and  as  a 
matter  of  fact  it  will  generally  be  found  that  the  municipal  authorities 
will  not  allow  it  to  be  done.  In  all  such  cases  the  best  practice  is  to 
increase  the  base  of  the  longitudinal  sleeper. 

The  original  method  of  securing  the  rail  to  the  sleeper,  as 
shown  in  Fig.  2,  Plate  15,  was  also  very  objectionable.  The  vertical 
countersunk-headed  spikes  were  apt  to  work  loose,  and  the  water, 
percolating  through  the  hole  in  the  rail,  so  softened  the  timber 
round  the  spike  that  it  had  no  hold.  In  some  instances  the 
heads  of  the  spikes  would  fly  off,  probably  quite  as  much  from 
the  percussive  action  of  the  ordinary  road  traffic  as  from  that  of 
the  tramcars.  From  these  causes  the  vertical  spike  fastening  proved 
wholly  inadequate  as  an  effective  method  of  securing  the  rails ;  on 
lines  so  laid,  after  a  few  months'  work,  loose  rails  were  the  rule  and 
not  the  exception.  Irrespective  of  the  defect  itself,  this  in  wet 
weather  formed  so  great  an  eyesore  that  it  was  an  unanswerable 
argument  in  the  hands  of  the  opponents  to  tramway  extension. 
Each  passing  vehicle  created  a  continuous  line  of  little  mud 
fountains,  bespattering  the  adjacent  roadway  and  everything  near 
it  with  slush  and  filth,  while  this  same  action  was  rapidly  destroying 
the  foundation  and  substructure. 

Again  it  will  be  seen  that  this  section  of  rail.  Fig.  2,  is 
practically  a  flat  bar  of  iron  with  a  groove  rolled  in  it  near  one  edge ; 
its  inherent  weakness  under  a  load  will  thus  be  evident.  To  obviate 
this  defect  the  author  had  rails  rolled  with  flanges  about  ^  in.  in  depth 
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(lopeiuling  from  the  under  sido  of  the  rail  on  each  side.  This 
made  a  considerably  stronger  rail  without  increasing  the  sectional 
area;  and  with  this  section  the  first  portions  of  the  Pimlico,  Pcckham, 
and  Greenwich,  and  also  of  the  London  Streets  Tramways,  were 
laid.  One  part  of  these  was  laid  with  CO  lb.  and  another  part 
with  50  lb.  rails,  the  two  sections  being  as  shown  in  Figs.  7  and  8, 
Plate  15.  The  author  then  proposed  to  deepen  the  flanges  still 
further,  but  was  met  by  the  assertion  that  it  was  not  possible  in 
rolling  the  rails  to  get  the  metal  down  to  fill  so  narrow  a  flange. 
By  degrees  however  they  were  deepened  to  1  inch,  and  ultimately  to 
1|  in.  and  1^  in.,  a  large  delivery  of  these  latter  being  accompanied 
by  an  intimation  that  the  author  could  have  them  rolled  to  any  depth 
he  chose.  The  North  Metropolitan  Company  are  now  using  a  rail 
with  flanges  full  l^  in.  deep  on  either  side,  as  shown  in  Fig.  9. 

As  soon  as  rails  were  obtained  with  depending  flanges  an  inch  in 
depth,  the  author  commenced  the  use  of  side  fasteners,  attaching  the 
rail  to  the  sleeper  in  the  manner  shown  in  Figs.  10  and  11,  Plate  15, 
which  are  an  elevation  and  section  of  what  have  since  become  known 
as  "  Larsen's  rails  and  side  fasteners."  This  system  was  brought  out 
in  1871,  and  from  that  time  has  been  the  method  of  attachment 
universally  used  for  this  section  of  rail  when  mounted  on  wood 
sleepers,  and  in  some  instances  when  mounted  on  iron  sleepers  also. 
The  flanges  are  rolled  of  a  sufficient  depth  to  enable  holes  to  be 
pierced  through  them  below  the  upper  surface  of  the  sleeper.  The 
sleeper  is  rabbeted  down  on  its  upper  edge,  to  fit  accurately  the  under 
side  of  the  rail,  and  the  latter  is  then  secured  to  it  by  means  of  a 
half  staple.  Of  this  the  portion  A,  passing  through  the  rail  flange 
into  the  sleeper,  is  round,  while  the  other  part  B,  lying  against  the 
rail  and  sleeper,  is  flat,  of  say  |  in.  x  -tq  in.  section,  and  has  a  hole 
or  holes  punched  in  the  end,  for  a  nail  or  nails  as  may  be  desired. 

The  introduction  of  this  rail  and  fastener  abolished  completely 
the  old  form  of  rail  with  vertical  spikes,  and  proved  a  marked 
improvement  over  former  practice.  The  greater  portion  of  the 
London  Streets  Tramways,  and  of  the  Pimlico,  Peckham,  and 
Greenwich  Tramways,  were  laid  by  the  author  on  this  method. 

This  fastener  has  no  tendency  to  draw  the  rail  and  sleeper  into 
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close  contact.  The  author  therefore  designed  a  screw  cramp,  Fig. 
12,  Plate  16,  to  hold  the  rail  and  sleeper  together  while  fixing  the 
side  fasteners ;  and  found  that  with  the  aid  of  this  tool  a  very 
sound  and  close  attachment  of  rail  and  sleeper  was  obtainable. 
This  tool  was  first  used  on  the  Greenwich  lines,  but  so  universally 
has  it  come  into  use  that  it  may  be  seen  wherever  a  tramway  is  being 
constructed  or  repaired.  » 

Since  these  side  fasteners  were  first  introduced,  many  modifications 
of  them  have  been  attempted.  Figs.  13  and  14,  Plate  15,  represent 
a  form  designed  by  Mr.  H.  T.  McNeale,  and  used  at  Kouen.  The 
author  considers  this  form  a  good  one ;  but,  unless  considerable 
play  be  allowed  to  the  pins  of  the  fastener  within  the  holes  in 
the  rails,  trouble  will  be  caused  by  the  expansion  and  contraction 
of  the  rails  under  varying  temperatures. 

The  greater  portion  of  the  Pimlico,  Peckham,  and  Greenwich 
lines  were  laid  with  transverse  sleepers  of  the  same  section  as  the 
longitudinals — 4  in.  by  6  in. — laid  on  the  flat  and  secured  to  the 
longitudinal  sleeper  by  means  of  brackets,  as  shown  in  Fig.  15, 
Plate  16.  The  principal  objection  to  these  brackets  is  that  they 
necessitate  the  cutting  back  of  the  side  of  the  paving  stones  wherever 
they  occur,  to  enable  the  upper  surface  of  the  stone  to  come  close 
up  to  the  rail.  Hence  the  stone  is  more  or  less  pyramidal  in  form, 
and,  standing  on  its  apex,  is  very  liable  to  rock ;  the  result  is  that 
every  here  and  there  there  is  a  loose  stone  adjoining  the  rail,  giving 
an  unsightly  appearance  to  the  road,  and  admitting  water  to  percolate 
through  to  the  foundation. 

In  Paris  the  author  laid  some  miles  of  rail  to  the  section  in 
Fig.  16,  which  is  still  weaker  than  Fig.  2,  and  perhaps  the  worst 
section  he  has  ever  seen.  By  persistently  advocating  a  change,  he 
ultimately  induced  the  municipal  authorities  to  use  a  rail  of  the 
section  shown  in  Fig.  17 ;  and  these,  in  steel,  are  the  rails  now  in 
use.  It  would  scarcely  be  supposed  that  the  section  in  Fig.  16 
would  have  been  adopted  after  the  section  in  Figs.  10  and  11  had 
actually  been  in  use ;  but  so  it  is,  and  the  former  section  is  even 
now  down  on  one  road,  where  steam  traction  is  used.  While  such 
is  the  case,  but  little  surprise  need  be  felt  if  bad  accounts  of  the 
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success  of  steam  power  rcacli  us  from  Paris.  In  tliis  instance  some 
at  least,  if  not  all,  of  the  blame  may  be  laid  to  the  permanent 
way.  Even  the  section  of  steel  rail,  Fig.  17,  is  light  to  run 
locomotives  over ;  but  the  author  was  limited  to  42  lbs.  per  metre 
run. 

One  unavoidable  element  of  weakness,  on  every  road  along  which 
,  a  tramway  ruus,  lies  in  the  fact  that  there  is  everywhere  a  continuous 
unbroken  joint  between  the  rail  and  the  pitching,  lying  in  a  line 
with  all  the  traffic  of  the  highway.  This  has  been  the  cause  of  one 
of  the  most  irritating  inconveniencies  yet  met  with  in  connection 
with  street  tramways,  so  far  as  they  affect  the  ordinary  traffic  of  the 
road.  In  spite  of  the  greatest  care  in  paving,  the  stones  immediately 
adjoining  the  rail  sink  in  places,  allowing  the  rail  to  peep  up  above 
the  surface  of  the  road.  Now  the  slight  sinking  of  one  or  a  dozen 
stones  from  their  normal  level,  in  the  middle  of  a  wide  paved  street, 
is  in  itself  of  comparatively  little  moment,  and  would  only  show 
a  slight  depression  in  wet  weather ;  but  when  a  straight  and  level 
iron  rail  runs  through  the  centre  of  such  a  depression,  every 
carriage  or  vehicle  crossing  the  spot,  at  any  angle  short  of  a  right 
angle,  will  be  most  unpleasantly  skidded  or  slung  more  or  less  out 
of  its  course.  This  occui's,  however  small  the  difference  between 
the  level  of  rail  and  stones  may  be,  a  quarter  of  an  inch  being 
quite  sufficient  to  constitute  a  grave  fault. 

Larsen's  improved  System  for  Steam  Traction. — The  time  has 
now  come  when  tramways  about  to  be  constructed  will  have  to  be 
designed  for  the  possible  contingency  of  using  steam  traction  on 
them,  even  where  at  present  its  use  may  not  be  contemplated. 

In  view  of  this  necessity  the  author  in  his  latest  practice  has 
adopted  the  system  of  construction  shown  in  Figs.  18  and  19,  Plate  16, 
which  are  an  elevation  and  section  of  a  rail  and  of  a  continuous  wrought- 
iron  girder  sleeper.  The  rail  A  is  of  the  ordinary  section  known 
as  Larsen's  rail,  the  side  flanges  being  punched  precisely  as  when 
first  introduced  for  use  with  timber  sleepers.  This  rail  is  secured 
to  the  top  of  the  sleeper  by  a  side  fastener  in  the  form  of  a  hook-bolt 
B,  having  one  end  simply  turned   over    at  a  right  angle,   and  the 
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other  end  screwed  for  a  nut.  Between  the  web  of  the  rail  and 
the  central  web  of  the  sleeper  there  is  a  filling  piece  of  cast  iron  I, 
made  with  a  slot  or  groove  down  its  outer  side,  in  which  the  hook-bolt 
lies.  The  hook-bolt  is  first  inserted  through  the  rail  flange  from  the 
inside ;  this  filling  piece  is  then  slipped  up  behind  it,  and  a  lock 
nut  screwed  on ;  and  the  rail  is  thus  secured  to  the  girder  in  a 
manner  as  rapid  and  easy  of  accomplishment  as  it  is  secure  and 
effective. 

The  base-plate  D  may  be  made  as  wide  as  desired ;  but  by  making 
it  wide  enough  to  form  a  good  broken  joint  with  the  first  paving  sett, 
ample  base  area  will  be  secured  for  the  stability  of  the  tramway  rail, 
being  in  fact  nearly  three  times  that  of  the  earlier  systems.  The 
continuity  of  the  rail  and  sleeper  is  secured  by  making  rail,  sleeper, 
and  base-plate  all  break  joint.  Fish-plates  are  unnecessary,  inasmuch 
as  the  base-plate  forms  an  effective  fish-plate  for  the  girder  sleeper, 
and  this  again  for  the  rail;  so  that,  due  attention  being  given  in 
first  construction,  a  faulty  or  loose  joint  is  impossible,  unless  the 
rail,  girder,  and  base-plate  should  all  be  broken  completely  through. 
Loose  joints  at  the  ends  of  rails  are  common  faults  with  the  light 
sections  used  in  Paris,  and  are  due  to  the  difficulty  in  fishing,  and 
also  to  the  fact  of  there  being  no  concrete  substratum. 

It  will  be  seen  by  Fig.  19  that  the  paving,  or  road  metalling,  can 
be  laid  close  to  the  rail  throughout  the  whole  length,  there  being  no 
projection,  however  trifling,  such  as  exists  in  the  case  where  shoes 
or  brackets  are  used.  The  advantage  derived  from  having  nothing 
projecting  outside  the  rail  is  a  substantial  one  ;  the  evils  resulting  from 
having  to  cut  the  under  side  of  the  stones  have  already  been  noticed, 
and  are  also  dwelt  upon  by  Mr.  Kobinson  Souttar  in  a  paper  read 
before  the  Institution  of  Civil  Engineers  (Proceedings,  vol.  L.,  p.  4) 
when  criticising  the  author's  side  fasteners  and  the  method  of  securing 
them.  Mr.  Souttar  proposes  to  remedy  this  defect  by  having  the 
rail  rolled  with  the  flanges  set  back  to-^srards  the  centre  f  in.  on  each 
side,  or  by  a  distance  equal  to  the  thickness  of  the  side  fastener. 
This  method  however  practically  makes  the  under  side  of  the  rail 
J  in.  less  in  width  than  the  top.  Now  although  it  is  very  possible 
that  this  would  make  no  great  difference  to  the  stability  of  the  rail, 
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nevertliclcss  it  is  at  least  a  step  in  tlio  wrong  direction.  It  is 
removing  one  evil  by  substituting  another,  perhaps  a  little  less 
objectionable.  Other  conditions  remaining  equal,  if  the  base  of  the 
rail  could  be  made  J  in.  wider  than  the  top,  a  decided  advantage 
would  be  gained. 

The  wide  base-plate  in  the  author's  system  keeps  the  paving 
alongside  the  rail  quite  sound,  and  prevents  that  deposit  of  mud 
and  slush  which  is  now  so  commonly  seen  on  either  side  of  the 
rail,  and  which  is  continually  working  down,  and  rotting  or  injuring 
the  foundation  of  the  road.  Between  the  rail  and  sleeper  a  piece 
of  tarred  felt  or  similar  material  is  inserted  throughout  the  whole 
length,  to  give  a  little  elasticity,  and  make  a  good  joint.  Iron 
bearing  against  iron  is  always  objectionable,  unless  the  pieces  be 
riveted  together,  as  in  the  case  of  the  base-plate. 

In  the  author's  opinion  the  arguments  used  in  support  of  a 
timber  longitudinal  sleeper,  on  account  of  its  superior  elasticity, 
rest  upon  wrong  premises.  It  has  often  been  urged  that  all 
experience  with  railways  has  proved  the  superiority  of  an  elastic 
over  a  non-elastic  road,  and  that  a  tramway  being  really  a  railroad, 
the  same  necessity  exists.  A  moment's  consideration  will  show  the 
absurdity  of  the  comparison.  A  railroad  has  frequently  an  engine 
weighing  30  to 40  tons  dashing  over  it  at  50  or  more  miles  per  hour; 
while  an  excessive  weight  and  speed  on  a  tramway  would  be  8 
tons  and  8  miles  per  hour.  Now  assume  the  case  of  a  completely 
non-elastic  road,  and  on  it  a  sharp  inequality,  such  for  instance  as 
would  be  produced  by  the  end  of  a  rail  being  packed  up  ^  in. 
above  the  adjoining  rail.  Then  the  heavy  and  fast  engine  would 
either  beat  down  the  obstruction  at  one  blow,  or  else  would  leap 
clean  off  the  rails ;  while  the  light  and  slow  engine  would  pass  it 
with  a  slight  shock  or  jolt  and  nothing  more.  The  author  holds  on 
the  contrary  that  a  tramway  should  be  more  rigid  than  a  raili'oad, 
for  the  reason  that  it  should  approximate,  as  nearly  as  may  be,  to 
the  condition  of  the  highway  adjoining  it. 

The  author's  system  is  particularly  adapted  for  steam  traction,  as 
the  girder  sleeper  most  effectually  fishes  the  rails,  and  a  good  junction 
of  rail   to   rail  is  a   sine   qua   non   for   any  mechanical  method  of 
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haulage.  With  the  section  of  rail  under  consideration,  and  with 
timber  sleepers,  a  good  fishing  of  the  rail-ends  is  not  easily- 
accomplished  ;  and  this  is  one  of  the  weak  points  in  most  existing 
lines.  The  advantage  of  having  no  perishable  material  buried 
underground  is  so  evident  as  to  require  no  comment.  When  the 
rails  require  renewing,  they  alone  will  need  to  be  disturbed ;  the 
concrete,  if  good  when  first  laid,  will  be  better  twenty  years  afterwards. 
Figs.  20  and  21,  Plate  16,  show  other  rails  and  sleepers,  differing 
in  section,  fastenings,  &c.,  but  each  embodying  the  same  system  of 
construction,  namely  a  continuous  rail  and  a  wrought-iron  or  steel 
girder  sleeper,  with  wide  base-plate  extending  underneath  the  adjoining 
paviug. 

Barker's  System. — Figs.  22  and  23,  Plate  17,  represent  the  system 
of  tramway  construction  introduced  by  Mr.  B.  Barker.  This,  like  the 
author's,  has  an  extended  base  beneath  the  adjoining  paving,  but  the 
sleepers  are  of  cast  iron  and  are  necessarily  in  shorter  lengths. 
They  are  specified  to  be  "  of  such  lengths  compared  with  the  lengths 
of  the  wrought-iron  or  steel  rails  as  will  ensure  the  joint  in  the  rails 
always  occurring  in  one  of  the  castings.  Thus  if  all  the  castings 
are  three  feet  in  length,  the  rails  may  be  nine,  twelve,  fifteen,  eighteen, 
twenty-one  and  twenty-four  feet  in  length,  and  in  this  case  a  rail 
joint  will  always  occur  in  the  centre  of  a  casting."  By  this  it  appears 
that  three  feet  is  considered  a  convenient  length  for  the  sleepers,  and 
this  would  especially  be  the  case  on  curves,  since  separate  castings 
would  otherwise  have  to  be  made  for  each  radius.  The  use  of  cast 
iron,  and  the  necessarily  short  lengths,  are  the  only  apparent  objections 
to  this  otherwise  excellent  system. 

The  section,  Fig.  23,  shows  the  method  of  securing  the  rail  to  the 
sleeper.  The  taper  key  or  cotter  C  passes  through  a  hole  cast  in  the 
sleeper,  and  through  a  corresponding  hole  in  the  central  web  of  the  rail. 

Oowan's  System. — Figs.  24  and  25,  Plate  17,  show  Mr.  Gowan's 
system.  This  consists  of  a  simple  flat-bottomed  rail,  with  the  web  deep 
enough  for  the  foot  or  base  to  reach  below  the  paving,  and  with  this  foot 
rolled  wide  enough  to  constitute  a  foundation  for  the  concrete  or 
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paving  setts  on  cither  sido  of  the  rail.  The  web  is  perforated  at 
intervals,  Fig.  24,  which,  in  the  case  of  a  tramway  laid  in  cement  or 
concrete,  enables  the  cement  or  concrete  to  be  filled  into  the  openings, 
thereby  binding  the  whole  together,  and  keeping  the  rails  both  in 
line  and  level.  No  method  of  fishing  is  shown,  as  it  is  obvious  that 
with  this  section  a  most  perfect  junction  of  rail  to  rail  can  be  easily 
obtained.  Mr.  Gowan  describes  several  methods.  The  only  apparent 
objections  to  this  system  are  the  great  first  cost,  due  to  the  difficulties 
of  manufacture,  and  the  fact  that  when  the  rail  surface  is  worn  out 
the  whole  requires  renewing.  The  rails  seen  by  the  author  had  the 
grooves  planed  out  of  the  solid,  and  the  perforations  through  the  web 
drilled  out ;  consequently  the  cost  for  labour  in  manufacture  could 
not  but  be  large.  With  regard  to  the  second  objection,  not  only 
must  the  whole  substructure  be  renewed,  but  the  taking  it  up 
necessitates  the  disturbance  of  the  concrete  foundation  in  which  it  is 
embedded. 

Aldred's  System. — Figs.  26  and  27,  Plate  17,  show  the  construction 
introduced  by  Mr.  Aldred.  The  rail  is  made  in  two  pieces,  not  riveted 
together,  but  of  such  a  form  that,  when  keyed  in  the  chairs  A,  they 
may  be  said  to  be  dovetailed  together,  the  combination  forming  a 
reversible  or  double-headed  rail.  These  rails  require  no  punching 
or  drilling  of  holes  for  fishing  ;  their  peculiar  shape  enables  them  to 
be  dropped  into  their  place  within  the  jaws  of  the  chair,  and  on  the 
wooden  key  B  being  driven  securely  home  they  are  firmly  held  in 
position.  The  rail  is  laid  on  timber  cross  sleepers,  and  is  so  far  open' 
to  the  objection  of  being  laid  on  a  perishable  material ;  there  is  also 
no  base-plate  to  support  the  adjacent  paving  stones.  At  each  chair 
the  paving  stone  on  either  side  of  the  rail  has  to  be  cut  or  dressed, 
the  objection  to  which  has  been  previously  pointed  out.  Whether 
the  advantage  of  a  double-headed  rail  is  sufficient  to  compensate  for 
the  extra  weight  of  metal  to  be  laid  down  in  the  first  instance  is  a 
moot  point.  For  railways,  at  all  events,  the  double-headed  rail  is 
not  looked  upon  so  favourably  now  as  it  was  some  years  ago. 

Winhy's  System.— Figs.  28  and  29,  Plate  18,  represent  Mr.  Winby's 
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system.  It  is  somewhat  similar  to  Mr.  Gowan's,  but  some  of  the 
difficulties  of  making  are  successfully  grappled  with  ;  the  base  or 
foot  is  not  so  wide,  the  rail  being  mounted  on  a  base-plate.  This 
system  has  also  been  used  without  a  wide  base-plate,  the  rail  being 
laid  on  cross  sleepers  and  spiked  down  with  dog  spikes,  like  an 
ordinary  contractor's  road.  The  inner  edge  of  the  rail  A,  Fig.  29, 
is  rolled  flat  in  the  bar,  as  shown  dotted,  and  is  afterwards  turned 
up  while  hot,  as  shown  full.  This  saves  planing  out  the  groove,  but 
it  may  be  a  question  whether  it  does  not  tend  to  weaken  the  rail  in 
what  is  already  a  weak  part.  It  is  a  common  cause  of  failure  for  a 
rail  to  split  along  the  bottom  of  the  groove,  and  this  tendency  is 
augmented  by  the  action  of  the  tramcar  wheel. 

The  flange  of  a  tramcar  wheel,  having  to  travel  continually  round 
sharp  curves,  becomes  worn,  by  friction  against  the  sides  of  the  groove 
in  the  rail,  to  the  shape  shown  in  Fig.  30  ;  while  the  tread  of  the  wheel 
and  the  top  of  the  rail  are  also  worn  down,  till  the  flange  bears  on 
the  bottom  of  the  groove.  The  flange  then  acts  in  a  similar  manner 
to  a  revolving  cutter  in  a  tube-cutting  wrench,  especially  with  chilled 
wheels.  The  author  has  taken  up  many  rails  split  along  in  this 
manner.  To  delay  the  operation  of  this  cause,  the  brake-blocks  on 
tramcars  are  now  made  of  iron,  and  so  arranged  as  to  bear  on  the 
flanges  as  well  as  on  the  treads  of  the  wheels,  and  thus  to  wear 
the  flanges  down  also ;  but  if  once  the  top  of  the  rail  is  worn  down 
in  any  part  sufficiently  to  allow  the  flange  to  bottom  the  groove,  a 
very  short  time  suffices  to  destroy  the  rail  in  the  manner  indicated. 

Maclcisson's  System. — Figs.  31  and  32,  Plate  18,  show  one  form 
of  Mr.  Mackisson's  construction.  This  consists  of  a  cast-iron 
longitudinal  sleeper,  with  broad  base-plate,  the  principal  novelty 
being  in  the  method  of  securing  the  rail  to  the  sleeper.  It  will  be 
seen  that  the  rail  has  a  central  web  of  a  dovetail  shape,  which  is 
secured  in  a  groove  cast  in  the  sleeper,  by  means  of  keys  driven  at 
intervals  along  its  length.  Mr.  Mackisson  describes  several  other 
sections,  and  methods  of  fastening  them  to  the  sleeper,  but  the 
general  construction  is  the  same.  In  Figs.  31  and  32  the  keys  A 
are  dropped  into  the  groove  in  the  cast-iron  sleeper,  through  slots  B 
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cut  in  the  bottom  of  the  groove  in  tlie  rail,  and  are  then  driven  homo 
with  a  drift.  The  long  slot  necessary  to  drop  the  key  through  must, 
in  the  author's  opinion,  weaken  the  rail  in  what  is  already  its 
weakest  part.  Figs.  33  and  34,  Plate  18,  are  different  sections  of 
reversible  rails,  so  arranged  that  the  surfaces  in  and  out  of  use  are 
at  right  angles  to  each  other  or  nearly  so.  The  manufacture  of 
such  sections  seems  likely  to  present  much  difficulty ;  and  with  regard 
to  the  sleepers  there  is  the  objection  before  alluded  to,  namely  that 
being  in  cast  iron  they  are  necessarily  in  short  lengths. 

General  Conclusions. — The  author  has  now  briefly  noticed  the  latest 
methods  of  tramway  construction,  having  for  their  object  the  removal 
of  various  defects  indicated  by  experience,  and  also  designed  to  meet 
the  requirements  of  steam  traction.  There  are  many  other  systems 
which  are  better  known  than  those  selected,  but  they  do  not  so  well 
meet  these  latter  requirements,  and  therefore  need  not  be  dwelt 
upon.  None  of  the  methods  described  in  this  paper  have  been  long 
enough  in  use  as  yet  to  enable  a  complete  comparison  to  be  made  of 
their  merits.  They  all  possess  good  qualities  in  different  directions, 
and  no  doubt  will  in  each  case  be  found  to  remedy  some  of  the 
defects  with  which  experience  has  made  us  acquainted. 

The  author  has  throughout  referred  to  steam  alone  as  a  motive 
power  for  tramways  ;  and  for  the  reason  that  according  to  our  present 
knowledge  it  is  the  only  available  power.  Compressed  air  answers 
admirably  in  every  way  except  one,  but  that  one  most  effectually 
shuts  it  out  from  all  competition  with  steam.  Where  compressed 
air  is  used  as  a  motive  power,  principally  in  underground  operations, 
it  has  been  found  by  experiment  that  the  resultant  efficiency  of  the 
working  engine,  as  compared  with  the  air-compressing  engine,  rarely 
exceeds  30  per  cent.  Consequently  the  difference  in  cost,  under  the 
most  favoui'able  conditions,  will  be  as  3  to  1  against  compressed  air. 
This  difference  is  sufficient  to  justify  us  for  the  present  in  discarding 
the  idea  of  compressed  air,  as  a  motor  for  tramway  purposes.  The 
same  objections  apply,  though  not  perhaps  to  the  same  extent,  to 
the  hot-water  or  fireless  engine,  invented  by  Dr.  Lamm  of  America. 
Several  modifications  of  this  type  have  been   tried  with   varying 
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success.  The  chief  reason  that  its  use  has  not  been  extended  is 
doubtless  the  financial  difficulty ;  and  even  with  steam  traction,  it 
must  first  be  satisfactorily  demonstrated  that  it  is  cheaper  than  horse- 
power, and  it  will  then  become  practically  universal. 

At  no  very  distant  date,  in  the  author's  opinion,  horse  tramways 
will  be  the  exception  and  steam  tramways  the  rule  ;  and  for  this 
reason,  amongst  others,  namely  the  superiority  of  steam  as  regards 
safety  to  the  ordinary  traffic.  The  author  is  aware  that  just  the 
converse  of  this  is  now  urged  by  many  persons  ;  but  in  this,  as  in 
everything  else  since  the  beginning  of  time,  the  majority  of  to-day 
becomes,  by  the  spread  of  knowledge  and  the  light  of  experience,  the 
minority  of  to-morrow. 

The  following  is  the  comparative  net  cost  of  the  different  systems 
described,  each  taken  per  mile  run  of  single  line.  These  figures  are 
estimated  for  permanent-way  materials  only,  and  do  not  include  cost, 
of  laying,  or  of  paving,  concrete,  &c. : — 

£ 

Ordinary  line,  timber  longitudinal  and  cross  sleepers  . 
Larsen's  system,  wrougkt-iron  sleeper,  and  base-plate 
Barker's  system,  cast-iron  sleeper,  .... 
Gowan's  system,  wrouglit-iron,  .... 
Aldred's  system,  chairs,  and  timber  cross  sleepers 
Winby's  system,  wrought-iron,  with  base-plate  . 
Mackisson's  system,  cast-iron  sleeper,  with  base-plate 

With  respect  to  the  comparative  cost  of  steam  and  horse- 
power, the  first  has  not  been  in  operation  long  enough  to  give 
reliable  and  accurate  data  respecting  the  cost  of  maintenance 
of  tramway  engines  ;  and  moreover  this  is  an  item  which,  with 
improved  permanent  way  and   engines  carefully  designed,  will   be 


(')  78|  tons  rails  (50  lbs,  per  yard)  at  £7  =  £549  10s.;  95  tons  sleepers  and 
base-plates  at  £7  10s.  =  £712  10s. ;  smaU  materials,  &c.,  £138  ;  total  £1400. 

(2)  94  tons  rails  (GO  lbs.  per  yard)  at  £7  =  £658 ;  30  tons  chairs  at  £5  10s. 
=  £165;  17C0  sleepers  at  2s.  6c?.  =  £220  ;  keys,  spikes,  &c.,  £57;  total  £110^ 

(3)  121  tons  rails  (77  lbs.  per  yard)  at  £9  15s.  =  £1179  15s. ;  47  tons  base-plates 
at  £7  =  £329;  small  materials,  &c.,  £41  5s. ;  total  £1550. 
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continually  decreasing.  The  antlior  believes  that,  if  the  roads  had 
been  better  in  the  first  instance,  steam  traction  would  have  come 
more  prominently  to  the  fore  than  it  has  as  yet ;  but  so  many  men  of 
ability  and  ex2)crience  are  now  devoting  their  energies  to  the  solution 
of  the  problem  of  applying  mechanical  power  to  tramways,  that  its 
ultimate  success  is  assured. 

According  to  Mr.  D.  K.  Clark  (Eailway  Machinery,  1855),  the 
resistance  to  traction  on  a  railway  may  be  as  low  as  6  lbs.  per  ton. 
If  this  is  the  case,  the  haulage  of  tramcars  over  grooved  rails  can 
never  be  accomplished  at  so  cheap  a  rate  as  those  prevailing  on 
railways.  In  1870  the  author  made  a  series  of  experiments  on  the 
New  Cross  tramways,  using  a  dynamometer  to  register  the  resistance 
to  traction ;  and  on  a  level  and  straight  road  in  good  condition,  and 
under  favourable  circumstances,  the  resistance  was  as  much  as 
18-2  lbs.  per  ton,  or  about  three  times  the  force  necessary  on  a 
railway  under  similarly  favourable  conditions. 

This  great  difference  in  the  traction  on  a  tramway,  as  compared 
with  a  railway,  may  be  in  some  measure  due  to  the  build  of  the  cars, 
inasmuch  as  they  have  a  very  short  wheel-base,  and  considerable 
overhanging  weight  at  either  end.  Engines  for  tramways,  especially 
the  earlier  ones,  have  also  been  made  usually  with  a  short  wheel- 
base  ;  but  latterly  they  have  been  fitted  with  a  pair  of  small  leading 
wheels,  and  with  very  good  results.  Doubtless  some  modification  in 
this  direction  will  take  place  in  the  wheel-base  of  the  cars,  and  a 
lower  resistance  to  traction  will  probably  then  be  observed. 

The  author  has  thus  brought  finally  into  view  what,  among  the 
defects  and  objections  admitted  or  supposed  to  exist  in  tramways,  is 
the  greatest  of  all,  namely,  the  necessity  of  having  a  grooved  rail, 
level  with  the  surface  of  the  road.  The  exigencies  of  the  highway 
however  render  this  condition  an  absolute  necessity;  and  all  our 
energies  must  be  devoted  to  minimising  the  inconveniences  which  it 
inevitably  entails. 
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Discussion. 

Mr.  J.  G.  Lyxde  said  there  was  one  point  in  this  very  exhaustive 
paper  to  which  he  should  like  to  direct  attention,  namely  the 
estimates  of  cost.  From  the  figures  given  at  the  commencement,  it 
would  appear  that  the  cost  of  tramways,  when  they  were  first  started, 
was  something  like  £7000  to  £10,000  per  mile ;  but  the  estimates  at 
the  end  of  the  paper  varied,  at  present  prices,  from  £1100  to  £1760 
per  mile.  Those  last  estimates  did  not  of  course  include  the  paving 
&c.,  while  the  first  estimates  did.  But,  as  far  as  he  knew,  the  cost  of 
paving  with  granite  was  about  £2000  per  mile ;  and  when  that  was 
added  to  the  latter  estimates,  it  would  still  be  found  that  the  tramways 
cost  originally  something  like  double  what  they  did  now.  Formerly, 
no  doubt,  a  great  deal  of  money  was  spent  in  the  promotion  of 
companies,  which  was  not  the  case  at  present. 

He  quite  agreed  with  Mr.  Larsen  that  tramways  should  be  laid, 
not  on  the  elastic  principle,  like  railways,  but  on  the  rigid  principle, 
as  in  the  systems  which  were  now  being  adopted.  Continuous  iron 
bearings,  whether  of  wrought  or  of  cast  iron,  should  be  adopted 
throughout,  and  no  perishable  material  should  be  laid  beneath  the 
surface  of  the  ground.  But  one  point,  not  touched  upon  in  the 
paper,  was  the  tendency  to  torsion  in  the  rail  when  a  great  weight 
came  upon  it  on  one  side  of  the  centre  line,  as  was  the  case  when  an 
engine  was  used  on  tramways.  Therefore  it  was  necessary  that  some 
support  should  be  placed  directly  under  the  part  of  the  rail  upon 
which  the  weight  was  thrown.  That  was  one  of  the  reasons  why 
he  had  himself  adopted  Barker's  system,  of  which  he  had  laid  many 
miles  in  Manchester  and  its  suburbs,  Leeds,  Derby,  Edinburgh, 
Wallasey,  Patricroft,  and  other  places.  In  that  system.  Fig.  23, 
Plate  17,  there  was  a  cast-iron  wall  under  the  table  of  the  rail; 
and  this  carried  the  weight  fairly  down  to  the  bottom  flange,  and 
so  on  to  the  foundation ;  thus  there  was  no  tendency  to  torsion, 
and  no  vibration  when  the  weight  came  on,  such  as  occurred  with 
rails  having   a  web  in  the  middle.     Again,  with  the  middle  web 
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the  top  of  tlio  rail,  being  only  3  in.  or  3J  in.  in  width,  had  an 
overhang  of  something  less  than  1 J  in.  on  each  side,  to  be  filled  under 
with  concrete.  But  a  wall  of  concrete  IJ  in.  thick  was  not  worth 
much,  and  the  vibration  of  the  centre  web  against  it  would  prevent  its 
ever  forming  a  strong  support  for  the  rail,  which  was  very  essential 
if  steam  was  to  be  used  on  tramways. 

A  base -plate  beneath  the  paving  stones  he  thought  was 
essential,  in  order  to  form  a  continuous  bearing  throughout  for  tlie 
first  course  of  paving  stones  alongside  the  rails.  In  one  of  the 
busiest  streets  in  Manchester  the  rails  and  paving  stones  had  thus 
been  laid  perfectly  level  at  first,  and  they  had  never  cost  a  penny  in 
repairs :  they  had  been  down  three  years,  and  were  as  good  now  as 
when  they  were  fii'st  put  down.  This  was  at  the  foot  of  the  approach 
to  the  Victoria  Station,  where  there  was  an  immense  cross-trafiic,  and 
only  a  single  line  of  rails.  He  regarded  that  as  a  very  important 
point,  because  the  repairs  of  the  paving  constituted  one  of  the  great 
nuisances  in  connection  with  tramways.  If  stones  could  get  away 
from  their  work,  they  would  ;  but  with  Barker's  system  there  was  an 
upright  wall  of  iron  for  the  paviors  to  pave  up  to,  instead  of  loose 
concrete  or  whatever  else  might  be  used.  With  Gowan's  system, 
which  was  now  being  tried  in  Manchester,  they  were  putting  in  tar  to 
fill  up  the  IJ  in.  space  on  each  side  the  web,  as  they  could  not 
manage  the  concrete.  That  system  had  an  advantage  in  being  one 
entire  steel  rail,  but  had  the  fault  that  the  weight  came  entirely  on 
one  side  of  the  centre  web. 

There  was  another  advantage  in  having  a  continuous  cast-iron 
sleeper,  as  in  Barker's  system.  The  hollow  centre  of  the  sleeper  was 
filled  with  concrete,  merely  however  to  add  weight,  not  strength; 
but  that  weight  absorbed  the  vibration,  and  the  consequence  was  that 
the  trams  ran  very  easily  and  smoothly  on  it.  The  short  length  of 
the  sleepers  was  objected  to  in  the  paper;  but  he  himself  found  it 
an  immense  advantage,  as  the  lines  could  thus  be  easily  laid  round 
curves,  while  the  steel  rail  formed  a  complete  backbone  to  the  system. 
It  was  keyed  down  well  to  the  sleepers  at  intervals  of  18  inches, 
BO  that  they  formed  one  continuous  piece  with  it.  In  making  a 
connection    two    months    ago,   a   portion   of  Barker's   tramway,   in 


April  1880.  PERMANENT   WAY    FOR    TRAMWAYS.  205 

Deansgate,  Manchester,  had  to  be  taken  up ;  and  it  was  so  solid  that 
the  sleepers  and  the  foundation,  which  was  a  thin  bedding  of  concrete, 
came  up  in  one  mass. 

In  the  estimate  on  page  201,  nothing  was  said  about  steel  rails  in 
Barker's  system,  but  these  were  put  down  in  every  case ;  and  it  was 
hardly  fair  to  compare  that  system  with  Gowan's,  in  which  wrought 
iron,  not  steel,  was  used.  An  estimate  could  hardly  be  regarded  as 
affording  a  fair  comparison,  unless  the  same  material  were  used  in 
both  cases.  It  was  of  great  importance  to  look  forwards  to  the  future 
repairs  of  tramways,  as  even  a  steel  rail  would  eventually  wear  and 
require  renewal.  If  the  weight  of  the  rail  bore  only  a  small 
proportion  to  the  total  weight,  then  the  expense  of  renewal  was  reduced 
to  a  minimum.  This  was  the  case  in  Barker's  system ;  but  in  Gowan's 
and  similar  systems,  whether  wrought  iron  or  steel  were  used,  the 
whole  of  the  material  would  necessarily  become  scrap  when  worn  out, 
and  thus  entail  a  cost  for  repairs  nearly  equal  to  that  of  relaying  the 
line. 

He  might  mention  that,  in  the  tramways  he  had  laid  down,  the 
grooves  were  1  in.  wide,  and  the  tyres  of  the  wheels  were  chilled  cast- 
iron.  The  use  of  timber  beneath  the  rails  was  quite  out  of  date ; 
and  the  simpler  and  fewer  the  parts  in  tramway  permanent  way  the 
better.  As  to  the  bearing  of  the  steel  rails  on  the  sleepers,  the 
paper  mentioned  a  layer  of  tarred  felt  as  being  inserted ;  but  in 
Manchester  they  just  took  a  tar  brush  and  brushed  over  the  groove  in 
the  sleeper  before  the  rail  was  slipped  into  it,  and  they  found  that  no 
other  bedding  was  necessary.  The  holes  for  the  bolts  were  squared, 
and  were  made  slightly  oblong  to  allow  for  expansion.  The  length  of 
the  sleepers  was  2  ft.  11  in.  instead  of  3  ft.,  which  gave  an  inch  play 
for  the  rail  at  the  ends.  It  was  then  very  easy  to  key  the  rails  to 
them. 

In  conclusion  he  would  give  the  prices  that  were  now  being  paid 
for  Barker's  system.  The  figures  given  in  the  paper  were  about 
correct,  but  they  varied  of  course  with  the  price  of  iron  and  steel. 
The  prices  at  present  were  as  follows  : — 
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Cost  of  one  mile,  of  fdn'/Jc  line  of  Tmrniray. 

£ 

53  tons  stool  rails  (.14  lbs.  per  yiinl)  nt  £11  lOx.,  say  CIO 

180  tons  cast-iron  sleepers  (114  lbs.  each)  at  £4  720 

"NVronght-iron  keys    15 

1700  lineal  yards,  laying  line — including  opening  out  and  removing 
roadway,  preparing  concrete  bed  1  inch  thick,  and  filling 
underside  of  sleepers  with  concrete — at  3s.  G^i 308 

Cost  without  paving £1G53 

4400  square  yards  best  Welsh  granite  paving,  6  inches  deep,  on 
2-iuch  bed  of  gravel,  racked  with  broken  granite,  and  run 
with  asphalte  complete,  at  10s.  3d 22.55 

Total  Cost,  including  jjaviiig £3908 


Mr.  E.  C.  Eapier,  referring  to  Mr.  Lynde's  remarks  on  the  cost 
of  tramways,  would  venture  to  suggest  that  the  first  cost  of  the 
permanent  w^ay  for  a  tramway  was  an  item  of  the  least  possible 
consequence.  The  best  construction  for  a  tramway  was  of  great 
importance;  but  whether  it  cost  £1000,  £2000,  or  £3000  per  mile 
was  of  no  importance  at  all.'  Mr.  Lynde  had  drawn  a  comparison 
between  the  cost  of  permanent  way,  given  at  the  end  of  the  paper, 
varying  from  £1100  to  £1760  per  mile,  and  the  whole  capital 
account,  given  at  the  beginning  of  the  paper  as  being  £10,000  per 
mile,  ten  years  ago.  But  the  capital  of  a  tramway  company  included 
not  only  the  cost  of  its  permanent  way  and  paving  &c.,  but,  what  was 
much  more  important,  the  cost  of  the  vehicles,  the  horses,  the  stables, 
the  depots,  and,  what  must  not  be  forgotten,  the  Parliamentary 
charges ;  so  that  if  £10,000  per  mile  was  the  average  capital  expended 
for  tramways,  the  cost  of  the  permanent  way  was  not  more  than  one- 
fifth  of  the  whole  cost  of  the  undertaking.  He  believed  that  some 
tramways  in  London  cost  as  much  as  £17,000  per  mile  of  road  ;  but 
of  course  the  great  bulk  of  that  £17,000  must  be  connected  with  items 
of  expense  other  than  the  permanent  way. 

He  would  suggest  for  the  consideration  of  engineers  whether  they 
were  not  altogether  wrong  in  one  or  two  points  with  reference  to 
tramways.     A  great  effort  had  been  made  for  several  years  past  to  get 
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the  rail  as  narrow  as  possible,  the  idea  being  that  horses  were  apt  to 
slip  upon  iron  rails.  It  was  a  great  pity  that  such  a  fallacy  should  have 
been  so  imjilicitly  believed  for  so  long  a  time  ;  but  it  was  incumbent 
on  engineers  to  endeavour  to  get  rid  of  such  erroneous  ideas.  It 
was  clear  that  a  tramway  in  any  town  was  made  for  the  benefit  of  the 
inhabitants  of  that  town ;  and  the  more  the  tramway  could  be  used, 
the  better  for  those  inhabitants.  If  the  tramway  was  only  used  as  at 
present  by  about  one  vehicle  out  of  thirty-five,  while  the  road  was 
made  simply  abominable  for  the  other  thirty-four  vehicles,  he  maintained 
that  that  was  not  first-rate  engineering.  Why  was  the  road  thus 
spoilt  for  all  other  vehicles  ?  Firstly,  because  the  rail  was  so  narrow  ; 
and  secondly,  because  the  inevitable  joint  between  the  stones  and  the 
rails,  described  in  the  paper,  happened  to  be  so  near  the  gauge  of 
the  wheels  of  the  other  vehicles,  that  one  wheel  was  always  hugging 
the  groove  on  the  one  side,  while  the  other  wheel  rattled  about 
somewhere  near  the  joint  between  the  paving  stones  and  the  rail  on 
the  other  side.  If  any  one  would  carefully  examine  the  condition  of 
the  paving  adjacent  to  the  rails  of  the  tramways  in  London,  he  would 
find  that  there  was  a  subsidiary  groove  worn  in  the  paving  stones, 
alongside  the  rails,  by  the  wheels  of  the  ordinary  traf&c.  The  remedy 
for  both  these  evils,  in  his  opinion,  would  be  to  make  the  rails  wider. 
He  had  himself  laid  down  some  rails  of  considerable  width,  as  described 
in  Proceedings  Inst.  C.E.,  vol.  L.,  page  38.  The  principle  he  went 
upon  was  this  :  that,  whatever  the  surface  of  the  tramway  was  made  of 
— whether  of  steel,  wrought  iron,  or  cast  iron — the  wearing  surface 
ought  to  be  wide  enough  to  take  the  wheels  of  any  vehicles  that  at 
all  approached  the  gauge  of  the  rail.  The  gauge  of  the  rail  was 
4  ft.  8^  in.,  and  the  gauge  of  almost  all  other  vehicles  was  comprised 
between  4  ft.  7  in.  and  4  ft.  10  in. 

Reference  had  been  made  to  tbe  fact  that  the  success  of  steam 
traction  had  been  very  much  delayed  by  the  imperfection  of  the 
permanent  way.  He  submitted  that  the  permanent  way  should  be 
improved  by  having  more  of  it  in  quantity,  but  in  fewer  pieces.  For 
that  reason  he  approved  of  Gowan's  system,  because  it  was  in  one 
continuous  girder  ;  and  although  originally  the  grooves  had  to  be 
planed  out,  he  believed  he  was  right  in  saying  that  that  was  no  longer 
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necessary,  and  that  the  rails  were  now  rolled  with  the  groove  in  them. 
With  reference  to  Mr.  Lynde's  objections  to  the  1.^  in.  wall  of  concrete 
on  each  side  of  the  rail  web,  he  did  not  apprehend  that  Mr.  Gowan 
supposed  his  rails  to  get  any  very  great  support  from  the  concrete.  It 
was  simply  necessary  to  fill  in  the  si)ace  with  some  impervious 
material,  so  as  to  make  a  fair  joint  with  the  paving  stones. 

He  thoroughly  agreed  with  what  had  been  said  in  the  paper,  that 
it  was  useless  to  go  on  opposing  tramways.  He  himself  hated  them, 
and  suffered  from  them  greatly,  especially  on  account  of  the  roughness 
and  severe  shaking  in  driving  along  a  road  laid  with  tramways. 
That  state  of  things  was  discreditable,  because  engineers  ought  to  do 
something  better.  But  as  regarded  the  eventual  success  of  tramways, 
and  of  steam  power  on  tramways,  he  thought  an  engineer  must  have 
very  little  faith  in  his  profession,  if  he  had  any  doubt  as  to  that  point. 

With  respect  to  the  cost  of  compressed  air  on  tramways  (p.  200), 
he  thought  the  author  had  overlooked  the  fact  that  a  small  tramway 
steam  engine  was  not  itself  a  very  economical  motor.  It  was  therefore 
an  open  question  whether  the  compressed-air  system  or  the  hot-water 
system  might  not  compare  favourably  with  the  steam-power  system, 
inasmuch  as  their  lower  efficiency  might  be  compensated  by  the  greater 
economy  of  the  stationary  boilers  in  use  at  the  depot.  With  regard 
to  the  necessity  or  desirability  of  making  the  tramway  in  fewer 
pieces,  he  might  mention  that  the  tramway  which  he  had  before 
referred  to,  as  being  made  of  wide  plates  upon  concrete,  was  practically 
in  one  piece  from  end  to  end,  i.e.  for  a  length  of  2J-  miles. 

Mr.  John  Eobinson  pointed  oat  that  Mr.  Eapier  had  after  all 
given  no  reason  for  his  somewhat  surprising  statement  that  there 
was  no  difficulty  in  a  horse  passing  over  tramways  without  slipping, 
provided  the  metal  was  not  too  narrow.  As  far  as  his  own  experience 
went,  wherever  there  was  a  large  surface  of  metal,  especially  if 
wet,  or  covered  with  grease  or  mud,  there  was  the  greatest  danger  to 
a  horse  of  slipping  upon  it.  With  regard  to  what  had  been  stated  in 
reference  to  the  improvement  of  tramways,  he  had  been  delighted 
with  the  experience  which  a  few  weeks'  driving  in  Manchester  had 
lately  given  him ;  for  at  the  present  time  he  could  not  even  find  out 
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where  tlie  tramway  was,  unless  he  saw  it.  He  thought  one  of  tho 
greatest  successes  yet  achieved  in  tramways  was  that  in  Manchester 
there  was  now  a  tramway  which  was  almost  imperceptible.  That 
tramway  was,  he  believed,  on  Barker's  system. 

Some  time  ago,  when  the  Corporation  of  Manchester  was 
proposing  to  lay  down  tramways  in  the  streets,  he  was  called  upon  by 
Mr.  Lynde  to  give  his  opinion — not  as  having  had  experience  in 
tramways,  but  as  to  the  general  construction  of  a  road  which  should 
be  most  economical  in  the  first  instance,  and  (what,  as  Mr.  Eapier  had 
observed,  was  of  far  greater  importance)  should  afterwards  require 
the  least  amount  of  repair.  Nevertheless  he  did  not  quite  concur  in 
Mr.  Eapier's  idea,  that,  because  a  rail  could  be  got  in  one  piece, 
therefore  the  facilities  which  Barker's  composite  system  seemed  to  give 
should  be  thrown  away.  First  of  all,  in  Barker's  system  there  was  a 
very  easy  mode  of  paving  up  to  the  side  of  the  tramway.  It  would  be 
seen  by  Fig.  23,  Plate  17,  that  the  system  consisted  of  a  flat  rail  with 
a  central  rib,  connected  with  a  series  of  cast-iron  sleepers,  the  whole 
presenting  a  very  square  side,  up  to  which  the  paving  stones  could  bo 
brought  quite  close  ;  and  the  result  was  that  in  Manchester  the  rail  was, 
as  he  had  said,  almost  imperceptible  when  driving  over  it.  There 
was  besides  the  great  advantage  that  if  the  steel  rail  became  cut  and 
split,  in  the  way  described  in  the  paper,  by  the  action  of  the  wheels, 
it  was  possible,  by  simply  removing  the  adjacent  blocks,  to  take  away 
the  rail  and  replace  it  with  a  new  one.  If,  when  a  rail  had  to  be 
changed,  it  was  necessary  to  take  up  the  whole  road,  disturbing  the 
concrete  and  the  pavement,  that  was  a  much  more  serious  afiair  ;  and 
practically  a  road  made  in  that  way  would  be  left  to  go  very  much  longer 
after  it  needed  repair  than  a  road  made  on  Barker's  system,  because  of 
the  greater  ease  with  which  the  latter  could  be  taken  up  and  the 
rail  changed.  He  was  by  no  means  disposed  to  say  that  in  Barker's 
system  they  had  arrived  at  something  which  was  final,  for  he  hoped 
they  would  still  go  on  w^ith  improvements  ;  but  he  thought  for  the 
present  it  met  the  general  requirements  of  the  public. 

He  was  surprised  to  find  from  the  paper  how  inadequate  the  Paris 
tramways  had  been  to  the  requirements  of  steam  traction.  The 
tramways  had  been  treated,  as  Frenchmen  were  liable  to  treat  things, 
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by  bringing  tlicm  down  to  the  very  minimum  of  requirements. 
Notliing  could  bo  worse  for  a  steam  tramway  tlian  the  sliapo  of  the 
rails  wliicli  Lad  been  laid  down  in  Paris.  He  therefore  hoped  that 
the  difficulties  which  had  been  experienced  in  Paris  by  Mr.  Lystcr 
Holt,  whom  he  was  glad  to  see  present,  and  by  others,  in  regard  to 
the  use  of  tramway  engines,  would  bo  very  much  lessened  when  they 
began  to  be  used  on  such  rails  as  had  been  laid  down  in  Manchester. 
They  would  then  have  a  very  good  and  substantial  road,  and  there 
would  not  be  any  necessity  for  doing  what  the  author  had  described 
with  approval,  viz.  adding  a  pair  of  small  trailing  or  leading  wheels 
on  the  engine.  He  thought  any  locomotive  engineer  would  say  that 
this  would  have  a  very  bad  result ;  not  because  it  did  not  relieve  the 
weight  upon  the  other  part  of  the  engine,  but  because  it  added  so 
materially  to  the  friction  of  the  engine  in  working  along  the  streets, 
and  passing  round  curves.  On  the  contrary,  a  short  wheel-base  was 
needed ;  but  it  should  always  be  remembered  that  the  limit  of  the 
weight  upon  any  pair  of  wheels  was  not  determined  by  the  engine,  but 
by  the  carrying  power  of  the  road ;  therefore,  if  they  had  as  good  a 
road  as  that  which  he  believed  Barker's  to  be,  they  could  probably 
do  without  the  third  pair  of  wheels,  working  the  traffic  with  a 
four-wheeled  engine,  which  facilitated  getting  round  curves,  and 
availing  themselves  of  the  whole  weight  of  the  engine  to  give  adhesion 
for  drawing  the  tramcar,  which,  with  a  greasy  surface  like  that 
presented  by  street  tramways,  was  a  most  important  point. 

He  observed  that  the  proportion  of  the  frictional  resistance  upon 
tramways  to  that  on  railways,  according  to  page  202  of  the  paper, 
was  very  much  what  he  had  himself  anticipated  when  discussing  the 
question  in  Glasgow  last  year  (Proceedings  1879,  p.  402).  Looking 
at  the  very  much  higher  amount  of  friction  on  tramways,  he  felt 
sure  that,  whenever  in  country  places  it  was  possible  to  establish 
railways  with  raised  rails,  instead  of  tramways,  that  course  would  be 
permanently  economical ;  but  in  towns  it  was  of  course  necessary  to 
have  tramways. 

Mr.  Kapier  explained  that  by  a  wide  rail  he  meant  a  rail  at  least 
wide  enough  for  a  horse  to  plant  the  whole  of  his  shoe  upon.   He  was 
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not  alone  in  the  o23inion  he  had  expressed  about  horses  not  slipping 
upon  iron  surfaces  if  sufficiently  wide.  He  had  lately  had  some 
conversation  with  Mr.  George  Hopkins,  who  had  had  very  great 
experience  in  tramways,  and  he  was  very  much  mistaken  if  that 
gentleman  was  not  of  opinion  that  an  iron  surface  was  less  slippery 
than  granite. 

Mr.  A.  Paget  said  it  so  happened  that  he  had  in  his  works  a 
granite  surface  over  which  horses  had  to  pass.  The  blocks  were  about 
9  in.  wide  and  3  ft.  long.  On  fine  days  he  should  say  that  a  horse 
would  stand  as  good  a  chance  of  keeping  his  footing  on  ice  as  on 
that  granite.  He  also  had  some  experience  of  iron  plates  about  9  in. 
wide;  and  he  was  sure  that  on  a  fine  day,  when  the  surface  was 
bright  with  constant  traffic,  it  was  more  slippery  than  ice.  It  was 
not  the  same  when  it  was  covered  with  mud,  as  it  was  then  gritty, 
and  there  was  not  so  much  slipping.  The  iron  was  more  slippery 
than  the  granite.  The  granite  pitching  in  ordinary  use  was  not  a 
flat  surface,  but  a  number  of  narrow  irregular  edge  surfaces  with 
grooves  between ;  and  this  did  not  cause  horses  to  slip  so  much. 

Mr.  Eapier  said  that  on  the  wide  tramway  he  had  alluded  to,  which 
had  been  in  use  for  nine  years,  there  was  no  instance  on  record  of  a 
horse  ever  having  fallen.  The  traffic  along  it  was  continuous,  and  the 
horses  sought  the  tramway  of  their  own  accord  ;  in  fact  in  one  place 
a  chain  had  to  be  put  up  to  prevent  their  going  upon  it  where  they 
were  not  allowed.  This  was  the  Quayside  tramway,  Glasgow  :  the  rails 
were  of  cast  iron,  10  in.  wide,  with  a  central  groove  ;  and  it  was  worked 
by  horse  traction,  not  by  steam  power.  Figs.  35  and  36,  Plate  18, 
were  illustrations  of  the  two  forms  in  use  :  the  broader  one,  Fig.  35, 
was  on  the  public  quays,  and  was  chiefly  used  by  ordinary  vehicles 
without  flanged  wheels ;  whilst  the  narrower  type.  Fig.  36,  was  used 
when  the  tramway  was  intended  for  flanged  wheels  only.  The  cost  of 
the  broad  tramway  was  about  £500  per  mile  more  than  that  of  other 
tramways,  but  its  cost  for  maintenance,  during  nine  years  of  incessant 
traffic,  had  been  nil.  The  cast-iron  blocks  were  about  9  in.  deep, 
hollow  on  the  underside,  and  chilled  on  the  top.     They  were  cast  in 
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l(;iigtlis  of  5  feet,  and  a  few  days  before  they  were  fixed  tliey  were 
filled  with  concrete ;  the  ends  of  the  castings  also  were  not  entirely 
closed,  so  that  when  the  blocks  were  fixed  and  cemented  to  their 
concrete  bed,  the  concrete  in  adjacent  blocks  also  became  united,  and 
this  together  with  the  bed  really  formed  one  continuous  piece.  There 
was  no  difficulty  from  expansion  and  contraction:  it  would  appear 
that  the  great  extent  of  surface  in  contact  with  the  earth  passed  off 
the  heat  of  the  sun  as  rapidly  as  the  exposed  surface  absorbed  it. 

Mr.  T.  E.  Crampton  observed  that  the  Institution  had  previously 
discussed  the  tramway  question   with   regard   to    engines,    and   his 
impression  was  now,  as  it  was  then,  that  the  matter  of  the  engine  was 
extremely  simple ;  what  was  wanted  was  a  solid  road  to  put  it  on.  If  the 
road  was  sufficiently  solid  to  stand  the  wear  and  tear  of  the  ordinary 
street  traffic  running  upon  it,  it  would  be  strong  enough  for  any 
locomotive.     To  obtain  that  strength  and  solidity,  the  principal  thing 
was  a  solid  bottom,  taking  care  to  have  the  stone  pitching  set  closely 
and  solidly  against  the  iron  structure,  and  to  keep  all  the  strains  in  a 
vertical  direction,  preventing  all  vibration  along  the  lines  of  junction 
between  the  rails  and  the  stones.  Looking  at  Barker's  system,  Fig.  23, 
Plate  17,  from  that  point  of  view,  it  seemed  to  offer  many  advantages 
as  compared  with  Mr.  Larsen's  system.  Figs.  20  and  21.     The  side 
action  of  the  traffic,  which  was  of  a  tremulous  nature,  must  tend  to 
force  apart  all  the  connections  in  the  latter  system ;  and  he  should 
imagine  that  it  would  soon  disintegrate  the  inch  or  two  of  concrete 
placed  there.     If  something  more  elastic  were  put  in,  e.g.  concrete 
mixed  with  tar,    possibly  it  might  not  disintegrate;  but  the  road 
would  be  much  better  without  it.     In  Barker's  tramway  there  was 
simply  a  solid  wall   of  iron,  which  could   not  get  away  from  the 
adjacent  paving  stones.     The  solid  concrete  filled  in  between  the  two 
sides  of  the  sleeper  would  become  one  mass  with  them,  and  would 
be  as   firm   as   if  of  one    solid  piece.     Again,  to  get  a  strong  road, 
the  strains  must  be  brought  vertically  on  to  the  foundations ;  there 
must   be   no   side    action    producing    a   tremulous  vibration  in  the 
web,  as  there   would  be  in   the  case  of  Larsen's  system,  Figs.  20 
and  21. 
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Whether  the  road  cost  £1000  a  mile  or  £2000  was  not  a  very 
serious  matter.  There  were  so  many  other  expenses  connected  with 
tramways  that  they  could  afford  to  spend  almost  any  amount  of 
money  in  getting  a  solid  foundation.  With  regard  to  the  estimates 
however,  no  information  was  given  as  to  what  was  put  underneath 
the  base-plates.  When  a  new  road  was  to  be  made,  was  it  intended 
to  run  steam  rollers  over  the  road  and  consolidate  it,  for  two  or 
three  months,  and  then  to  put  down  some  concrete  and  consolidate 
that?  He  mentioned  this  because  in  making  the  calculations 
everything  ought  to  be  taken  into  consideration  ;  and  in  making 
comparisons  the  same  elements  and  the  same  materials  should  be 
used.  He  believed  that  a  great  mistake  had  been  made  in  using 
the  4  ft.  8^  in.  gauge  for  tramways.  A  3-ft.  gauge  was  ample  for  all 
purposes.  With  that  gauge  everything  was  more  simple,  and  it  was 
possible  to  get  round  the  curves  more  easily. 

Mr.  W.  Lyster  Holt  had  no  doubt  all  were  unanimous  in 
believing  that,  sooner  or  later,  steam,  or  some  other  mechanical 
power,  would  supersede  horse  traction.  He  had  had  great  difficulties 
in  Paris  with  regard  to  steam  traction  ;  but  on  looking  at  the  rail 
that  was  there  used  (Fig.  11),  and  the  sleeper,  which  was  the 
same  as  in  Fig.  2,  it  would  be  seen  that  it  was  practically  the  same 
as  if  a  house  wall  were  built  without  any  footings,  or  as  if  the  old 
bridge-rail  had  been  laid  with  a  sleeper  of  exactly  the  same  width  as 
the  rail  itself.  No  doubt  the  permanent  way  used  in  Paris  would 
have  been  far  stronger  if  the  sleeper  had  been  turned  at  right  angles, 
with  its  width  downwards,  so  as  to  give  greater  base,  which  was 
what  was  wanted,  whether  for  horses  or  for  steam. 

In  Paris  it  was  found  that  the  rail  often  sank,  and  the  tyres  of  the 
engines,  being  wider  than  the  rail  itself,  used  consequently  to  ride 
upon  the  stones  and  wear  away  rapidly ;  and  the  jolting  also  seriously 
affected  the  valve-motion,  Mr.  Robinson  had  advocated  a  very 
narrow  rail ;  but  for  steam  traction,  where  all  the  force  of  the  traction 
was  transferred  to  the  rails,  there  would  then  be  a  serious  wear 
and  tear  of  the  tyre,  which  could  be  only  1  inch  or  IJ  in.  wide. 
For  horse  traction  the  narrow  rail  might  do  very  well ;  but  for  steam 
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traction  a  wider  rail  was  wanted,  or  else  they  would  still  have  what 
had  been  the  great  difficulty  with  steam  tramways — the  engines  being 
constantly  in  the  shops  for  repairs. 

He  agreed  that  Barker's  system  was  a  very  good  one ;  but  for 
himself  he  should  prefer  Gowan's,  for  the  simple  reason  that  this 
had  in  one  piece  what  Barker's  had  in  three  pieces.  Again,  if 
Mr.  Gowan's  system  was  good,  Mr.  Winby's  must  be  better,  because 
he  rolled  his  rail  with  the  groove  in,  and  so  preserved  the  skin  on  it, 
besides  eifecting  a  saving  in  cost.  The  paper  gave  a  comparison  of 
the  cost  of  various  systems,  but  unfortunately  in  some  cases  no 
figures  were  given  as  to  the  weights ;  it  was  therefore  impossible 
really  to  compare  the  costs  of  those  systems  with  others. 

Mr.  Jeremiah  Head  observed  there  was  one  point  which  might 
be  further  discussed  with  advantage,  namely  the  question  of  elasticity. 
In  the  early  tramways  timber  sleepers  had  been  almost  universally 
adopted,  because  it  was  taken  for  granted  that  elasticity  was  necessary, 
and  could  only  be  secured  in  that  way.  But  they  were  now  coming  to 
the  point  when  engineers  asserted  either  that  sufficient  elasticity  could 
be  gained  with  iron,  or  that  elasticity  was  not  wanted  at  all.  Now, 
during  the  last  two  years,  he  had  very  frequently  walked  up  and  down 
a  part  of  the  North  Eastern  Eailway,  where  the  permanent  way  was 
laid  upon  wrought-iron  sleepers — cross  sleepers  of  inverted  trough 
section,  known  as  Mr.  Charles  Wood's  system,  and  described  b5'  him 
to  the  Iron  and  Steel  Institute  (Journal  1878,  p.  83).  These  iron 
sleepers  had  been  laid  down  about  two  years  ago,  and  had  endured 
an  extremely  heavy  mineral  traffic.  When  they  were  first  laid,  and 
the  ballast  was  fresh,  he  had  observed  a  decided  undulatory  action 
across  the  sleeper  as  the  wheels  passed  over  it,  as  well  as  a  torsional 
movement,  giving  evidence  of  considerable  elasticity ;  in  fact  he 
thought  quite  as  much  as  with  the  wooden  sleepers  that  were  laid  on 
the  adjoining  lines.  The  ballast  had  now  become  packed  pretty 
solid,  and  there  was  not  so  much  of  that  motion  to  be  seen ;  but  the 
sleepers  seemed  to  be  standing  well.  There  was  no  looseness  about 
the  fastenings,  and  no  weak  points  that  he  could  observe. 
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It  seemed  to  him  that  elasticity  was  not  so  much  a  question  of 
wood  versus  iron,  as  a  question  of  form.  With  the  deep  girder 
type,  as  in  Fig.  19,  he  should  suppose  the  rail  woukl  be  pretty  rigid, 
because  of  the  great  depth ;  but  much  must  depend  on  what  the  ballast 
was  composed  of  below  the  bottom  plate,  and  how  it  was  packed,  which, 
as  Mr.  Crampton  had  pointed  out,  was  not  shown.  He  was  rather 
inclined  to  think  that,  whatever  was  done,  there  would  be  sufficient 
elasticity,  even  with  wrought  iron  or  steel  girder  rails,  and  that  that 
elasticity  would  not  of  necessity  tend  to  disintegrate  the  substratum. 
The  conclusion  he  had  come  to  certainly  was  that  wooden  sleepers 
might  be  advantageously  abandoned,  whether  for  railways  or  tramways, 
not  only  on  account  of  the  perishable  nature  of  that  material, 
especially  when  spikes  were  driven  into  it,  but  also  because  a  far 
better  construction  could  be  made  exclusively  of  iron. 

Mr.  F.  C.  WiNBY  said  that,  when  he  had  first  turned  his  attention 
to  the  different  sections  of  rails  used  on  tramways,  he  had  found  it 
difficult  to  see  the  object  of  using  a  channel  section  such  as  Fig.  7, 
Plate  15  ;  it  could  not  be  for  the  purpose  of  strength,  because,  though 
there  was  plenty  of  metal  in  the  head  for  compression,  there  was  next  to 
nothing  at  the  bottom  for  tension.  But  he  soon  saw  that  that  rail  had 
been  designed,  like  many  others,  mainly  to  facilitate  the  rolling  of  the 
groove  in  the  head  of  the  rail.  But  a  tramrail  had  to  do  a  certain  duty 
as  a  girder,  to  support  a  rolling  load ;  and  he  had  therefore  sketched 
a  rail  after  the  section  of  a  rolled  girder,  like  Fig.  25  or  29,  but  he 
saw  directly  that  he  could  not  get  it  out  of  the  rolls.  Then  it  occurred 
to  him  that  he  might  roll  the  lip  A  straight,  and  have  it  simply 
turned  up  in  the  last  groove.  He  had  a  trial  rolling,  and  it  was 
successful  the  first  time.  There  were  other  features  however  to  be 
looked  to.  The  ordinary  street  vehicles  were  driven  over  the 
tramrails  on  account  of  their  smoothness ;  but  not  being  of  the  same 
gauge,  and  having  no  flanges,  the  wheels  of  these  vehicles  ran  on  the 
stone  setts  which  were  laid  next  the  rails,  and  forced  them  below  the 
level  of  the  heads  of  the  rails.  Then  the  wheels  of  ordinary  vehicles, 
in  crossing  the  tramway,  were  skidded  against  the  rails ;  and  it  w^as 
this  defect  that  made  street  tramways  a  nuisance.     It  was  therefore 
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necessary  to  keep  the  rail  and  tlic  adjuccnt  stones  strictly  to  the  same 
level.  His  first  design  was  to  roll  a  broad  bottom  flange  to  the  rail, 
as  in  Fig,  25,  in  order  to  give  a  bearing  surface  for  the  adjacent 
stone.  Those  however  who  were  accustomed  to  rolling  deep  sections 
would  know  the  difficulty  of  rolling  a  flange  7  or  8  inches  wide,  and 
also  the  difficulty  of  bending  such  a  section  to  go  round  sharp  curves. 
He  accordingly  preferred  to  use  a  longitudinal  base-plate,  which  broke 
joint  with  the  rail,  and  which  would  give  a  larger  bearing  surface 
than  could  be  got  with  a  rail  alone.  He  had  now  laid  about  30  miles 
of  this  line. 

He  could  not  see  any  advantage  in  j\Ir.  Larson's  rail,  Figs.  20  and 
21,  from,  its  having  the  head  separate  from  the  web  and  foot,  since  a 
grooved  rail  could  now  be  rolled  solid ;  it  was  all  very  well  to  use  a 
combination  of  the  kind  before  that  could  be  accomplished.  The  head 
could,  of  course,  be  easily  changed  ;  but  the  stones  at  each  side  would 
still  have  to  be  removed,  and  therefore  there  would  be  very  little 
extra  difficulty  in  moving  the  rail  altogether,  as  in  his  own  system. 
But  the  life  of  a  rail  was  in  fact  so  long  that  the  extra  amount  of 
weight  in  the  compound  system  would  more  than  balance  the  saving 
in  renewal. 

He  had  had  some  experience  of  Barker's  system.  He  had  seen  it 
laid  in  Manchester,  where  the  Corporation  had  now  arranged  to  lay 
his  own  line  in  preference  to  Mr.  Barker's,  simply  because  the  latter 
had  not  the  vertical  strength  required  to  distribute  the  weight 
longitudinally.  In  fact  he  very  much  questioned  whether  that  rail 
would  of  itself  carry  more  than  2  tons  on  3-ft.  bearings  without  serious 
deflection ;  whereas  his  own  rail,  as  in  Fig.  29,  weighing  58  lbs.  per 
yard,  and  6  in.  deep,  had  carried  20  tons  without  any  perceptible 
deflection,  and  30  tons  without  any  permanent  set,  and  with  slight 
deflection.  It  was  necessary  to  have  a  rail  of  something  like  that 
strength,  in  order  to  carry  locomotives.  Barker's  system  was  really 
a  series  of  cast-iron  shoes,  only  3  ft.  in  length,  and  simply  fished  by 
the  rail ;  hence,  like  a  chain,  they  would  follow  all  the  undulations  of 
the  road.  With  regard  to  the  cast-iron  bottom  flanges,  which  were 
1  inch  thick,  it  might  be  true  that  they  would  suffice  to  carry  a 
reasonable  weight ;  but  a  J-inch  flange  that  could  be  broken  with  a 
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hand  hammer  would  surely  not  do  for  Manchester  traffic.  Heavy 
loads  coming  across  it,  such  as  boilers  or  locomotives,  would  break 
off  such  a  flange  very  easily. 

It  had  been  suggested  that  the  width  of  the  gauge  should  be  less 
than  that  of  ordinary  vehicles.  He  was  now  laying  down  generally  a 
3-ft.  gauge,  which  was  quite  sufficient,  and  gave  room  to  put  the 
wheels  under  the  seats  of  the  tramcar,  while  admitting  of  a  good 
passage,  nearly  3  ft.  wide,  along  the  middle  of  the  car. 

As  to  elasticity,  this  appeared  to  him  to  be  unnecessary. 
Elasticity  could  only  be  for  the  purpose  of  smoothing  down 
inequalities ;  but  in  a  tramway  it  might  be  the  means  of  bringing  two 
inequalities  together,  and  make  matters  worse.  A  tramway  should 
have  a  good  bearing  surface  on  a  strong  base-plate,  carefully  and 
truly  laid ;  then  with  wheels  perfectly  concentric  and  balanced,  the 
tramcars  would  run  perfectly  smooth.  He  did  not  mean  to  suggest  a 
road  so  unyielding  and  rigid  as  would  break  before  it  bent ;  but  the 
idea  of  having  an  elastic  rail,  where  there  was  a  solid  pavement, 
seemed  to  him  to  be  very  absurd. 

Mr.  Eapier  had  stated  that  he  nad  laid  a  line  which  formed  one 
solid  piece  2J  miles  in  length.  In  his  own  practice  he  generally 
reversed  the  rail,  laid  the  base-plate  upon  it,  riveted  it  up,  and  turned 
it  over  into  its  place  ;  and  he  had  turned  over  200  yards  at  a  time 
in  that  way.  He  thought  that  was  very  good  work,  and  formed  quite 
a  sufficient  length  to  have  in  one  piece. 

With  regard  to  the  flanges  of  the  wheels  wearing  down  to  an 
acute  angle,  as  represented  in  Fig.  30,  according  to  his  own  experience 
the  angle  was  much  more  obtuse  than  that  shown.  He  had  had  cars 
running  with  a  flange  not  more  than  -^q  inch  deep,  and  they  had 
taken  the  curves  and  ran  round  splendidly ;  there  was  not  a  single 
case  of  their  running  off.  That  showed  clearly  that  there  was  no 
necessity  to  have  such  large  grooves  or  such  large  flanges.  He 
generally  made  the  head  of  his  rail  about  2^  in.  in  width.  With  so 
narrow  a  rail  the  wear  and  tear  of  the  tyres,  in  locomotives,  would 
certainly  be  very  heavy ;  but  it  did  not  take  up  so  much  of  the  road, 
and  was  scarcely  seen.  In  Nottingham,  where  he  had  laid  12  miles 
of  line  with  this  rail,  he  ventured  to  say  that  a  stranger  going  there 
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would  never  kuow  from  simply  driving  over  it  that  there  was  a 
tramway  there  at  all.  It  had  been  down  two  years ;  and  on  one 
curve  of  35  ft.  radius,  where  not  fewer  than  180,000  cars  passed  every 
year,  tliere  was  not  the  slightest  perceptible  wear.  He  had  not  used 
any  concrete,  but  had  sim2)ly  consolidated  the  ground  underneath  : 
owing  to  the  rail  having  such  a  large  bearing  surface  there  was  no 
necessity  for  concrete  in  any  case.  The  space  under  the  rail-head 
was  filled  in  with  one  part  Portland  cement  to  five  parts  sand  ;  and 
having  had  occasion  to  take  up  a  piece  of  line  that  had  been  down  two 
years,  he  had  had  great  difficulty  in  getting  the  cement  away  from 
the  side  of  the  rail.  The  strength  of  his  system  was  so  far  beyond 
what  it  had  to  do,  that  there  was  no  tremulous  motion  upon  it. 

Mr.  E.  Price  Williams  said  it  would  be  of  great  value  if,  from  the 
author's  experience  of  eleven  years,  he  could  give  the  average  annual 
cost  of  maintenance  for  some  of  the  systems  referred  to.  He  had 
been  very  much  struck  with  what  Mr.  Lynde  had  said  with  reference  to 
the  Barker  rail  at  Manchester,  namely  that  there  had  been  practically 
no  repairs  at  all  for  two  or  three  years.  Of  course  if  that  were 
generally  the  case,  it  would  be  a  very  important  point  in  its  favour. 
The  main  part  of  the  question,  at  least  as  set  forth  in  the  title  of 
the  paper — the  endurance  of  the  permanent  way  under  steam 
traction — had  been  scarcely  referred  to.  From  his  experience  in 
railway  permanent  way,  and  looking  dispassionately  at  this  subject, 
he  thought  a  great  many  of  the  designs  now  shown  would  meet  with 
the  same  fate  that  many  early  forms  of  railway  permanent  way  had 
met  with,  e.g.  on  the  Liverpool  and  Manchester  line.  Directly  these 
designs — at  all  events  those  that  were  composed  of  so  many  parts — 
were  subjected  to  the  action  of  a  locomotive,  his  notion  was  that  they 
would  give  way.  With  all  deference  to  Mr.  Eobinson's  preference  for 
the  Barker  system,  he  must  say,  judging  from  his  own  experience 
and  looking  forward  to  the  necessary  advent  of  steam  locomotion, 
that  the  more  simple  form  of  rail,  such  as  that  of  Gowan  or  Winby, 
supplied  those  elements  of  permanency  which  he  did  not  see  in  the 
others.  Engineers  were  now  feeling  their  way  with  regard  to  the 
permanent  way  of  tramways,  just  as  they  did  in  the  case  of  railways. 
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Many  members  could  remember,  as  be  did,  tbe  time  when  Mr.  Bridges 
Adams  gave  an  exhaustive  paper  on  the  permanent  way  of  railways 
(Proceedings  Inst.  C.  E.,  vol.  xvi.  p.  226).  A  great  variety  of 
designs  for  permanent  way  were  then  discussed,  all  of  which 
(Mr.  Adams's  included)  had  since  disappeared. 

He  had  recently  been  giving  a  good  deal  of  attention  to  the  subject 
of  train-resistance,  and  he  was  certainly  much  surprised  to  find  that 
Mr.  Larson's  experiments  with  a  dynamometer  should  give  such  a 
large  amount  of  resistance  as  18*2  lbs.  per  ton  on  a  tramway. 
He  dissented  entirely  from  the  reason  stated  for  this  in  the  paper 
(p.  202) — that  it  "  may  be  in  some  measure  due  to  the  build  of  the 
cars,  inasmuch  as  they  have  a  very  short  wheel-base,  and  considerable 
overhanging  weight  at  either  end."  On  the  contrary,  Mr.  Fisher,  the 
chief  engineer  of  the  Taff  Yale  Railway,  had  always  maintained, 
and  it  appeared  to  him  with  much  reason,  that  the  very  short  wheel- 
base  used  on  that  line  was  the  very  cause  why  the  train-resistance  was 
so  small :  therefore  he  thought  some  other  reason  than  that  assigned 
in  the  paper  must  be  found.  It  should  not  be  forgotten  that  in  the 
groove  of  a  tramway  there  was  a  dirt  resistance,  which  might  in  a 
great  measure  account  for  the  higher  friction ;  and  he  thought  there 
ought  to  be  a  disposition  to  deepen  the  groove  on  that  account. 

He  could  not  agree  that  with  the  advent  of  steam  locomotion 
elasticity  could  be  done  away  with.  It  was  now  found  in  the  case 
of  railways  that,  with  a  more  perfect  substructure,  a  very  much 
more  solid  road  could  be  laid  than  formerly ;  and  that  weight 
as  weight  in  the  rail  itself  had,  as  Sir  John  Hawkshaw  had 
said,  a  decided  value.  He  thought  therefore  that  with  road 
tramways  engineers  ought  not  to  go  to  the  other  extreme  of 
having  too  light  a  rail ;  nor  could  they  do  entirely  without  elasticity. 
It  might  very  well  be,  as  Mr.  Head  had  maintained,  that  an  iron 
sleeper  supplied  in  itself  sufficient  elasticity ;  but  elasticity  as  an 
element  in  a  durable  road  could  not  in  his  opinion  be  done  away 
with. 

Mr.  John  Robinson  would  ask  Mr.  Larsen  what  was  the  section  of 
the  tramway  rails  which  in  his  experiments  of  1870  gave  a  resistance 
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of  18*2  lbs.  per  ton;  because  tliat  was  an    important   item  in  tho 
question. 

IMr.  C.  E.  CowrER  asked  whether,  with  regard  to  the  newer 
systems  which  the  author  had  so  well  described,  he  could  mention 
where  they  had  been  in  use,  and  with  what  success.  With  regard  to 
horses  liking  to  trot  on  iron  rails,  if  wide  enough,  even  if  that  were 
true,  it  must  bo  remembered  that,  on  a  road  where  a  tramway  was 
laid,  tho  traffic  was  generally  considerable,  and  horses  could  not 
always  be  on  the  iron,  but  only  stepped  on  to  it  now  and  then,  when 
crossing  the  tramway  at  various  angles,  in  passing  other  vehicles. 
Hence  it  appeared  to  him  that  the  effect  was  the  same  as  when,  in 
walking  on  a  good  pavement,  a  person  suddenly  stepped  upon  a  piece 
of  orange-peel  or  an  ice-slide  ;  he  would  then  be  much  more  liable  to 
fall  than  if  walking  across  a  frozen  pond.  If  the  rail  must  be  made 
wide  enough  for  the  horses'  hoofs  to  be  always  fully  upon  it,  as  had 
been  suggested  by  Mr.  Eapier,  he  did  not  see  how  that  could  be 
accomplished  unless  the  rail  was  the  full  width  of  the  road. 

Mr.  W.  ScHONHEYDER  askcd  what  was  the  actual  practice  in  paving 
close  up  to  the  rail,  as  shown  in  Figs.  19  or  23  ;  whether  the  paving 
setts  were  dressed  to  the  exact  depth  necessary,  so  as  to  rest  on  the 
iron,  or  were  packed  up  with  concrete  or  cement  underneath. 

Mr.  WiNBY  said  in  the  30  miles  of  tramway  that  he  had  laid  on 
his  system,  he  had  always  packed  up  the  setts  underneath  with 
about  f  in.  of  sand,  which  had  been  rammed  down  to  about  J  in. 

The  President  observed  that  good  setts  properly  dressed  were 
very  accurate  in  point  of  depth  ;  and  of  course  they  would  be  properly 
made  to  fit  the  heiglit  of  the  rail.  He  partly  agreed  with  what  Mr. 
Crampton  had  said  in  reference  to  the  severe  shocks  that  tramrails 
received  from  the  ordinary  road  traffic.  He  did  not  think  that  the 
weight  of  a  light  locomotive  running  along  the  tramway  would 
produce  anything  like  the  same  stress  upon  the  rail,  as  a  heavy 
weight  passing  across  it.     In  the  latter  case  the  whole  weight  came 
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suddenly  upon  one  point,  whereas  witli  a  tramway  engine  the 
weight  would  be  more  distributed,  and  there  would  be  nothing 
like  the  same  shock. 

Eeference  had  been  made  to  the  rails  being  wide  or  narrow.  He 
himself  complained  of  the  grooves  being  so  wide,  which  he  thought 
was  one  of  the  greatest  reproaches  to  the  present  tramways.  Many 
of  those  who  designed  tramrails  did  not  seem  to  care  anything  about 
the  carriages  and  other  vehicles  that  would  pass  over  them,  but  only 
about  the  wheels  of  their  own  cars.  If  some  of  those  wheel-flanges 
wore  to  such  an  extreme  thinness  as  shown  in  Fig.  30,  why  could 
not  very  thin  steel  flanges  be  used  to  start  with — say  \  in.  or  t\  in. — 
and  new  ones  be  put  on  when  they  were  worn  out  ?  The  rails  could 
then  have  narrow  grooves,  and  the  ordinary  wheels  would  not  drop  into 
them.  He  threw  out  that  suggestion  because  some  of  the  grooves 
now  in  use  seemed  exactly  designed  to  tear  the  wheels  off  a  carriage ; 
and  that  was  in  fact  a  thing  which  constantly  happened. 

Mr.  Lynde  asked  leave  to  mention  that  some  very  heavy  loads  had 
gone  over  Barker's  rails  in  Manchester,  but  he  was  not  aware  of  any 
of  the  flanges  having  ever  been  broken  off. 

Mr.  Larsen  said,  in  reply,  that  little  fault  had  been  foimd  witli 
the  paper,  in  regard  to  the  different  modes  of  construction  mentioned  ; 
but  he  wished  to  make  an  apology  to  several  gentlemen  who  had  desired 
to  have  their  systems  described.  As  the  paper  was  limited  in  extent, 
he  could  only  refer  to  those  methods  which  he  thought  most  to  be 
recommended  in  point  of  construction  and  of  first  cost.  He  was  sorry 
he  had  not  been  able  to  obtain  sufficient  information  to  lay  before  the 
meeting  as  to  the  places  where  the  different  systems  were  in  use,  and 
the  length  of  time  they  had  been  down.  In  regard  to  Mr.  Barker's 
system,  on  his  last  visit  to  Manchester  he  came  to  the  conclusion 
that  the  tramways  there  were  the  best  he  had  ever  seen  in  any 
city  (and  he  had  been  nearly  all  over  Europe)  ;  but  nevertheless  the 
sleepers  were  of  cast  iron,  and  he  thouglit,  if  the  paving  stones  were 
rammed  there  as  they  were  in  London  and  in  many  other  cities,  the 
cast-iron  sleepers  vrould  be  smashed  continually ;   whereas  a  rolled 
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l)lnto  would  stand  any  blow.  Tliat  was  tlio  only  objection  in 
reality  to  Mr.  Barker's  system.  The  j^lacing  of  the  support  directly 
nnder  the  load,  as  described  by  IMr.  Lyiide,  was  all  in  tlie  rij^dit 
direction  ;  bnt  he  considered  tliat  tlie  single-rail  systems  were  equally 
strong,  being  on  just  the  same  2irincii)le  as  the  ordinary  Vignoles 
rail. 

The  President  and  others  had  referred  to  tlie  depth  and  width  of 
the  groove.  He  might  mention  that  the  Board  of  Trade  had  now 
adopted  a  rule  that  no  groove  should  be  more  than  1  in.  wide  and 
■J^J  in.  deep.  That  might  be  admirable  from  the  point  of  view 
that  a  tramway  should  be  so  laid  as  not  to  be  noticed ;  but  he  pitied 
the  horses  that  had  to  drag  the  cars  along  such  a  groove.  Mr. 
Robinson  had  asked  what  kind  of  rail  was  used  in  his  experiments  at 
New  Cross.  It  was  the  rail  shown  in  Fig.  7,  Plate  15  ;  and  the  cars 
had  American  wheels,  which  had  deep  and  broad  flanges.  No  doubt 
the  fact  of  the  wheels  being  new  and  the  gauge  tight  had  something 
to  do  with  the  high  resistance ;  and  also  the  fact  that  the  rails 
deflected  considerably.  Since  that  time  a  great  many  improvements 
had  been  made  in  wheels. 

With  regard  to  the  question  of  first  cost,  it  was  all  very  well  in 
the  case  of  such  towns  as  Manchester  or  Liverpool  to  construct 
tramways  in  the  very  best  way  without  reference  to  expense ;  but 
in  outlying  districts,  and  in  lines  worked  by  a  company,  the  question 
of  economy  in  first  cost  was  a  very  important  one,  because  it  was 
necessary  to  make  the  lines  pay. 

With  reference  to  the  use  of  steam,  the  section  of  rail  in  Fig.  17  was 
that  on  which  most  of  the  steam  traffic  in  Paris  had  been  carried  ;  but, 
as  he  had  stated  in  the  paper,  he  was  limited  as  to  weight  with  that 
rail ;  consequently  it  was  made  hollow  underneath,  and  thereby  its 
stiffness  was  diminished.  With  reference  to  the  observations  of 
Mr.  Holt,  he  could  only  repeat  that  the  lines  on  which  steam  had 
been  tried  had  never  been  originally  constructed  for  it. 

With  regard  to  the  number  of  wheels  for  tramway  engines,  he 
might  point  out  that  most  of  the  engines  now  used  had  four  driving 
wheels  and  two  uncoupled  leading  wheels;  and  that  was  a  great 
improvement,  because  the  leading  wheels  took  any  blow  that  migh 
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be  given  by  a  joint,  and  bent  the  joint  down  so  tliat  the  centre  wheels 
followed  easily  over.  They  also  prevented  the  great  oscillation  caused 
by  the  overhang,  where  so  short  a  wheel-base  was  used  as  was 
generally  the  case  in  both  tramway  engines  and  cars :  with  both  of 
which  this  oscillation  was  very  serious,  wherever  a  slight  fault 
existed  in  the  permanent  way.  Of  course  the  two  uncoupled  wheels 
were  capable  of  taking  a  radial  position. 

Mr.  Crampton  had  enquired  about  the  foundations  usually 
employed  below  the  sleeper.  With  the  systems  shown  in  Figs.  19, 
20,  and  21,  Plate  16,  he  used  6  inches  of  concrete,  and  that  was  the 
usual  depth.  As  to  the  setts,  the  arrangement  simply  was  that, 
if  the  road  was  to  have  a  6-in.  pavement,  the  girder  was  rolled 
accordingly  to  suit  that  depth. 

He  could  not  admit  that  Mr.  Winby's  rail  was  superior  to  that  in 
Fig.  20.  If  the  latter  was  worn  out,  and  had  to  be  renewed,  all  that 
was  necessary  would  be  to  take  out  the  bolts  and  replace  the  rail  with 
a  new  one ;  whereas  in  Mr.  Winby's  or  Mr.  Gowan's  rail,  the  whole 
would  have  to  be  cast  away  as  scrap.  Mr.  Gowan's  rail.  Fig.  25, 
was  92  lbs.  per  yard ;  whereas  the  whole  structure  in  Fig.  20  would 
be  something  like  72  lbs.  per  yard.  That  was  a  great  consideration 
in  the  first  cost,  and  also  in  regard  to  maintenance.  Mr.  Price 
Williams  had  asked  a  question  as  to  cost  of  maintenance ;  so  far 
however  the  maintenance  of  tramways  had  really  not  been  gone  into. 
The  matter  was  a  great  deal  mixed  up  with  other  expenses,  and  there 
was  great  difficulty  in  getting  at  the  actual  results. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Larsen  for  his 
paper. 

The  vote  of  thanks  was  carried. 


The  Meeting  was  then  adjourned  till  the  following  evening. 
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Tlie  Adjourned  Meeting  of  tlie  Institution  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Friday,  23rd  April,  1880, 
at  lialf-past  seven  o'clock,  p.m. ;  Edward  A.  Cowper,  Esq.,  President, 
in  the  chair. 

The  following  paper  was  read : — 
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EEMARKS  ON  CHERNOFF'S  PAPERS  ON  STEEL. 


By  Mr.  WILLIAM  ANDERSON,  of  Erith. 

The  Russian  language  is  so  little  understood  in  other  countries, 
that  it  is  almost  by  accident  that  the  labours  of  the  many  very  able 
scientific  men  of  Russia  come  to  be  known  in  Western  Europe. 
Chernoff's  investigations  are  an  example  of  such  obscurity,  alike 
discouraging  to  their  author  and  a  loss  to  the  scientific  world. 

In  order  that  a  true  value  may  be  set  on  Chernoff's  labours,  it  is 
necessary  to  explain  that  he  has  been  for  some  years  assistant 
manager  of  the  Abouchoff  Steel  Works  near  St.  Petersburg ;  and 
that  before  he  was  raised  to  his  present  position,  he  was  more 
particularly  connected  with  the  forge,  the  Bessemer  process,  and 
other  operations  of  the  great  establishment  he  now  so  ably  assists  in 
directing.  It  is  important  to  note  that  the  Abouchoff  Works  stand 
supreme  in  the  world  as  regards  the  variety  of  the  processes  there 
carried  on.  Under  the  able  and  energetic  management  of  the 
Director,  Captain  Kolokoltzoff  of  the  Imperial  Navy,  the  Abouchoff 
Works  have  developed  from  comparatively  small  beginnings  to  their 
present  magnitude;  from  an  establishment  in  which  puddled  steel 
was  melted  in  crucibles  and  cast  into  relatively  small  masses,  to 
great  works,  making  use  of  every  modern  method  of  steel 
manufacture. 

In  addition  to  the  old  casting  house  with  nearly  2000  crucibles, 
the  Siemens  crucible  furnace,  the  Bessemer  converter,  and  lastly  the 
Siemens-Martin  open-hearth  furnace  and  the  Whitworth  fluid- 
compressed  steel  process,  are  all  to  be  seen  in  operation.  The 
forge  has  a  dead-weight  50-ton  steam-hammer,  a  15-ton  hammer,  and 
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a  whole  array  of  smaller  hammers.  There  is  a  tyre  mill,  and  there 
are  extensive  worksho2)s  for  the  manufacture  of  ordnance  of  every 
calibre  and  of  their  projectiles,  for  the  production  of  the  heaviest 
masses  in  steel,  whether  for  commercial  or  war  purposes,  for  the 
making  of  gun-carriages,  for  crucible  manufacture  &c.  Lastly,  in 
order  that  the  work  may  be  carried  on  in  a  scientific  manner  and  on 
assured  principles,  the  establishment  is  provided  with  an  admirable 
laboratory,  with  one  of  Kirkaldy's  testing  machines,  and  with  every 
appliance  necessary  for  investigating  the  nature  and  properties  of  the 
metal  which  forms  the  staple  product  of  the  place. 

With  the  opportunities  which  the  Abouchoff  Works  present,  and 
with  the  aid  and  encouragement  of  Captain  Kolokoltzoff,  seconded 
by  his  own  remarkable  talents  and  indefatigable  industry,  it  is  not 
surprising  that  Chernoff  should  have  produced  a  series  of  papers, 
addressed  to  the  Imperial  Eussian  Technical  Society,  which  have 
thrown  a  strong  light  upon  the  theoretical  as  well  as  upon  the 
practical  aspects  of  the  steel  question. 

Chernoff  has  another  important  claim  to  consideration,  which  is 
that  he  is  perfectly  unhampered  by  trade  jealousies  and  trade  secrets. 
So  far  from  being  able  in  any  way  to  derive  benefit  from  keeping  his 
own  counsel,  his  reputation  in  his  profession  will  be  increased  by 
making  his  w^ork  as  public  as  possible,  and  by  drawing  aside  the 
veil  that  some  manufacturers  have  studiously  wrapped  about  their 
processes. 

Again,  the  manufacture  of  guns,  especially  breech-loading  guns 
of  heavy  calibre,  presents  exceptional  advantages  for  ascertaining 
the  internal  structure  of  the  steel  produced.  The  bore  of  the  gun 
is  cut  out  of  the  solid  by  means  of  crown  cutters,  which  gives  the 
opportunity  of  obtaining  samples  of  the  centres  of  the  ingots.  The 
perforation  of  the  slot  through  which  the  breech  block  works,  enables 
samples  to  be  obtained  at  every  point  in  a  radial  direction ;  and  the 
surface  tool  work  exposes  the  outer  portions  of  the  mass  to  the 
observer.  The  strengthening  rings  and  hollow  projectiles,  in  like 
manner,  give  great  facilities  for  observing  the  structure  assumed  by 
the  metal  under  various  conditions  both  of  form  and  dimensions. 
Chernoff's  first  paper  of  note  was  read  in  1868,  but  did  not  come 


April  1880.  CHERNOFf's   PAPERS   ON   STEEL.  227 

under  tlie  writer's  notice  till  1876.  He  was  then  so  struck  by  its 
merits  that  he  translated  it,  and  distributed  the  few  copies  that  were 
printed,  at  first  among  his  friends,  and  afterwards  to  many  strangers 
interested  iu  steel  manufacture,  who  applied  for  copies  as  soon  as 
the  paper  became  widely  known  through  notices  in  the  professional 
journals.  In  this  paper  Chernoff  first  lays  down  the  proposition  that 
steel  is  a  combination  of  pure  iron  and  carbon ;  and  that  all  other 
substances  must  be  regarded  as  impurities  more  or  less  pernicious, 
although  the  introduction  of  an  extraneous  substance  may,  in  some 
cases,  actually  have  a  beneficial  effect  by  neutralising  the  injurious 
action  of  some  other  substance.  He  next  broaches  the  theory  that 
steel  changes  its  properties  as  its  temperature  ranges  from  zero  to  its 
melting  point :  that  up  to  some  temperature  a  steel  will  not  harden  ; 
that  it  may  be  further  raised  to  a  higher  temperature  h  without 
undergoing  any  molecular  change ;  that  between  temperature  h  and 
the  melting  point  an  amorphous  structure  is  assumed ;  and  that 
in  cooling  from  the  melting  point  to  temperature  h  the  metal  will 
crystallise  according  to  laws  which  are  well  known  as  governing  the 
crystallisation  of  alum  and  of  similar  salts.  The  theory  is  supported 
by  very  clear  reasoning  and  by  the  evidence  of  practice  on  a  large 
scale,  and  seems  to  explain  perfectly  all  the  phenomena  of  annealing. 
In  1876  a  paper  was  read  on  "Materials  for  the  study  of 
the  Bessemer  process "  "'  in  which  the  Author's  object  is  declared 
to  be  more  to  make  the  process  understood  and  appreciated  in 
Russia  than  to  bring  forward  any  facts  previously  unknown.  He 
remarks  that,  after  twenty  years  of  successful  working  in  Western 
Europe  and  the  United  States,  only  two  sets  of  apparatus  had  been 
set  up  in  Russia,  and  that  of  these  two  sets  only  one  was  in  actual 
work ;  and  attributes  this  backwardness  to  a  want  of  knowledge  of 
the  principles  and  practice  of  the  process.  The  paper  gives  a  number 
of  interesting  analyses  made  at  the  Abouchoff  Works  and  elsewhere, 
and  institutes  a  comparison  as  to  the  dimensions  of  apparatus, 
quantity  of  air  required,  and  other  details,  in  different  countries  and 
for  various  qualities  of  iron. 

*  Translated  in  extenso  in  the  Metallurgical  Review,  New  York,  1878,  p.  457. 
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In  1878  appeared  tlic  paper  on  tlio  Structure  of  Cast-Steel  Ingots, 
which  the  writer  has  translated,  and  wliich  is  now  in  the  hands 
of  tho  Members  (Proceedings  1880,  p.  152).  This  paper  dwells  in 
the  first  instance  on  the  defects  met  with  in  steel  castings,  and 
investigates  their  origin ;  next  the  means  by  which  they  may  bo 
obviated  or  corrected  are  discussed ;  and  finally,  the  question  as  to 
whether  steel  castings  need  forging,  or  other  modes  of  working,  in 
order  to  give  them  the  tenacity  which  should  be  due  to  the  chemical 
composition  of  the  steel  from  which  they  arc  made.  Tables  of 
experiments  are  cited  to  show  that  with  proper  annealing,  in 
conformity  with  the  principles  laid  down  in  1868,  cast  steel  is  fully 
as  tough,  tenacious,  and  ductile  as  the  forged  metal. 

One  result  of  the  investigation  of  the  Research  Committee  on 
Steel  has  been  to  draw  attention  to  the  important  part  which 
occluded  gases  seem  likely  to  play  in  any  theory  on  the  hardening 
and  tempering  of  steel.  In  treating  of  the  analysis  of  the  gases 
escaping  from  the  Bessemer  converter,  as  given  by  Snelus  and 
Tamm,  Chernoff  remarks  on  the  total  absence  of  hydrogen  during 
the  first  three  to  five  minutes  of  the  process;  and  explains  the 
circumstance  by  supposing  that  the  hydrogen,  which  arises  from  the 
decomposition  of  the  moisture  of  the  air  blown  in,  is  at  first  absorbed 
by  the  liquid  iron;  but  that  in  the  course  of  a  few  minutes  the 
metal  becomes  saturated  with  the  gas,  and  consequently  allows  it 
afterwards  to  escape.  This  is  confirmed  by  a  fact  announced  by 
Miiller  in  a  recent  communication  to  the  German  Chemical  Society, 
namely,  that  his  analysis  of  the  gases  occluded  in  cast-steel  ingots 
showed  that  from  68  per  cent,  to  90  per  cent,  was  composed  of 
hydrogen,  the  remaining  gases  being  nitrogen  and  carbonic  oxide, 
the  latter  in  very  small  quantities.  He  estimates  the  pressure  of  the 
occluded  gases  at  8  atmospheres ;  and  this  estimate  meets  with 
singular  confirmation  from  a  process  now  being  introduced  into  the 
United  States  and  into  this  country,  namely  that  of  causing  steel 
ingots  to  set  under  steam  pressure  directly  applied.  In  a  paper  read 
by  Mr.  Alfred  Davis  before  the  Iron  and  Steel  Institute  (Journal 
1879,  p.  476)  this  process  is  described,  and  the  pressure  required  is 
stated  to  range  from  5  to  10  atmospheres. 
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The  astonisliing  rapidity  with  wliicli  hydrogen  passes  through 
red-hot  steel,  even  against  the  pressure  of  the  atmosphere,  has  been 
demonstrated  by  Kegnault.  He  connected  a  steel  tube  to  a  hydrogen- 
generating  apparatus  at  one  end,  and  to  a  barometer  tube  at  the 
other ;  and  after  keeping  the  steel  tube  at  a  red  heat  for  from  8  to 
10  hours,  with  a  stream  of  hydrogen  passing  through  all  the  time,  he 
suddenly  shut  off  the  gas,  when  in  about  18  minutes  a  vacuum  of 
29  inches  was  indicated  by  the  barometer  gauge,  the  vacuum  rising 
at  a  uniform  rate. 

This  power  of  diffusion  seems  to  explain  how  under  pressure,  or 
other  favourable  mechanical  conditions,  the  porosities  in  steel  castings 
may  be  obliterated,  without  any  obstacle  being  presented  by  the 
hydrogen  or  other  gases  imprisoned  within  them. 

The  experiments  made  by  Edison  on  the  evolution  of  occluded 
gases  from  platinum  wire,  with  the  consequent  hardening  of  the 
metal,  have  led  the  writer  to  the  theory  that  the  hardening  of  steel 
may  be  due  to  the  escape  of  hydrogen  or  other  occluded  gases  during 
the  heating  of  the  steel :  the  sudden  cooling  in  water  or  oil  would 
then  prevent  their  re-absorption,  and  so  enable  the  particles  of  steel 
to  approach  more  closely  to  each  other,  thus  rendering  the  metal 
harder  and  more  dense. 

But,  if  this  view  be  correct,  the  specific  gravity  of  hardened  steel 
should  be  greater  than  that  of  the  same  steel  before  hardening ; 
whereas  it  is  well  known  that  steel  "swells"  and  becomes  more 
bulky  when  hardened,  and  its  specific  gravity  decreases.  Caron  has 
given  very  precise  information  on  this  subject.  The  writer  however 
considers  that  the  observed  reduction  of  specific  gravity  is  only 
apparent,  and  not  real ;  and  is  caused  by  the  increase  of  volume  due 
to  the  fact  that  the  outer  layers  of  the  steel,  which  cool  first,  are 
unable  to  contract,  and  thus,  becoming  stretched  beyond  their 
elastic  limit,  receive  a  permanent  elongation  which  the  subsequent 
contraction  of  the  inner  portions  is  not  competent  to  reduce. 

According  to  this  view  the  strains  in  a  piece  of  steel,  hardened  all 
over,  resemble  those  in  a  cast-steel  ingot,  as  described  by  Chernoff. 
The  outer  layers  are  at  first  stretched,  while  the  inner  ones  are 
compressed ;  but  when  the  steel  is  quite  cold,  the  outer  layers  are 
compressed  and  the  inner  ones  stretched. 
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If  however  a  piece  of  steel  is  liardcncd  from  one  side  ouly — for 
example  by  cooling  it  on  a  slab  of  cold  iron  having  a  thin  stream  of 
water  running  over  it — the  specific  gravity  will  be  found  to  have 
increased  and  not  diminished  :  and  moreover  the  bar  will  have  become 
concave  on  the  hardened  side,  showing  that  it  has  there  contracted, 
and  has  consequently  become  more  dense.  This  experiment  the 
author  has  tried,  and  has  thus  been  able  to  verify  the  statements  of 
Eegnault,  that  the  specific  gravity  of  hardened  steel,  when  its 
particles  are  free  from  strain,  is  greater  than  that  of  the  same  steel 
before  hardening. 

But  the  main  difficulty  surrounding  the  hardening  and  tempering 
of  steel,  is  to  account  for  the  gradual  softening  as  the  hardened  steel 
is  slowly  heated  again.  This  difficulty  has  been  sufficient  to  upset 
the  theories  of  JuUien  and  others ;  but  the  writer  thinks  that  the 
new  theory  offers  a  ready  explanation.  As  the  hardened  steel  is 
heated,  the  pores  are  opened ;  gas  is  again  absorbed,  and,  when 
the  tempered  steel  is  again  quenched,  retains  the  molecules  at  that 
precise  distance  apart  by  which  they  were  separated  when  the 
quenching  began. 

The  characteristic  colours  may  also  be  explained  by  supposing 
that  the  opening  of  the  pores  of  the  metal  causes  changes  on 
the  surface  of  the  steel  sufficient  to  account  for  the  change  of  colour. 
The  theory  by  which  it  is  commonly  sought  to  explain  these 
colours  is  that  a  film  of  oxide,  forming  on  the  surface  of  the  steel, 
plays  the  same  part  as  the  thin  surface  of  a  soap-bubble,  or  as  thin 
films  of  tar  or  oil  floating  on  water.  But,  in  the  first  place,  the 
colours  exhibited  by  steel  are  not  iridescent,  but  each  degree  of 
hardness  is  indicated  by  a  uniform  colour ;  and  in  the  next  place  the 
hues  produced  by  thin  films  are  only  observed  in  transparent  bodies, 
and  are  caused  by  the  interference  of  rays  of  light,  reflected  partly 
from  the  upper  and  partly  from  the  lower  surface  of  the  films.  But 
oxide  of  iron,  however  thin,  is  never  known  to  be  transparent. 
Moreover,  to  produce  a  given  tint,  the  thickness  of  the  film  must  be 
some  definite  minimum  quantity,  or  else  an  even  multiple  of  that 
quantity;  but  the  colours  characterising  particular  degrees  of 
hardness   are  constant,   though   produced   under  the   most   varying 
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conditions  of  time  and  hardening  medium ;  and  it  is  difficult  to 
conceive  that  the  films  should  in  all  these  cases  always  assume  one 
of  the  several  definite  thicknesses  necessary  to  satisfy  the  theory. 
It  therefore  seems  more  probable  that  a  change  of  surface  takes 
Ijlace,  and  that  the  colours  are  due  to  diffraction  rather  than  to 
interference.  Mr.  Hackney  has  suggested  that  the  question  might 
be  settled  by  tempering  in  a  reducing  atmosphere,  instead  of  in  air  ; 
but  such  an  experiment  will  not  be  conclusive,  because  the  absence 
of  the  ordinary  gases  surrounding  steel  during  the  process  of 
tempering  may  affect  the  surface  of  the  metal. 

A  new  and  most  sensitive  instrument  for  ascertaining  the 
molecular  condition  of  metals  has  lately  been  placed  in  the  hands 
of  metallurgists  in  Professor  D.  E.  Hughes'  "  Induction-currents 
Balance."  A  description  of  this  instrument  will  be  found  in  the 
Proceedings  of  the  Eoyal  Society  for  May  1879  (vol.  xxix.,  p.  56). 
By  its  means  it  is  possible  to  detect  extremely  minute  changes  of 
structure,  and  to  compare  unknown  specimens  with  any  desired 
standards.  In  investigations  connected  with  the  molecular  conditions 
of  steel  and  other  metals,  chemical  analysis  is  of  comparatively  little 
value,  and  is  at  best  difficult,  tedious,  and  costly  to  perform ;  whereas 
Professor  Hughes'  instrument  appears  to  give  the  means  of  detecting 
not  only  chemical  but  also  structural  changes  of  very  small  amounts. 

The  above  remarks,  which  the  writer  has  been  led  to  make  by  way 
of  comment  upon  Chernoff's  paper  on  the  structure  of  Cast-Steel 
Ingots,  are  intended  to  show  the  direction  in  which  the  enquiry  into 
the  Hardening,  Tempering,  and  Annealing  of  Steel,  promoted  by  the 
Institution,  is  tending.  It  is  of  the  utmost  importance  to  elicit  the 
opinions  and  to  take  advantage  of  the  experience  possessed  by  many 
of  the  members ;  but  the  writer  feels  that  much  time  and  some 
expenditure  of  funds  will  be  needed,  before  the  changes  undergone  by 
steel  in  hardening  and  tempering  are  satisfactorily  explained. 
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Discussion. 

Mr.  Anderson  wished  to  say,  as  an  aclJcndum  to  the  paper,  that 
more  reccut  investigations  on  the  subject  seemed  to  throw  additional 
light  upon  the  enormous  importance  of  occluded  gases  in  altering 
the  molecular  structure  of  steel.  Prof.  Hughes  had  lately  brought 
under  the  notice  of  the  Society  of  Telegraph  Engineers  the 
circumstance,  that  single  steel  wires  plunged  into  dilute  sulphuric 
acid  became  brittle,  without  apparently  changing  their  hardness ;  and 
that  this  brittleness  disappeared  on  heating.  The  natural  exjDlanation 
which  occurred  to  himself  was  that,  when  the  wire  was  placed  in  weak 
acid,  the  acid  was  decomposed ;  and  the  hydrogen  found  its  way  into 
the  metal,  and  separated  the  particles  to  such  an  extent  that  their 
cohesive  power  was  weakened ;  the  wire  thus  becoming  brittle  without 
becoming  hard.  As  soon  as  it  was  heated  and  the  gas  driven  out, 
the  metal  returned  to  its  normal  state.  Mr.  Chandler  Eoberts,  the 
chemist  of  the  Mint,  had  also  shown  an  exceedingly  interesting 
experiment  with  palladium,  a  metal  which  absorbed  about  900  times 
its  volume  of  hydrogen  gas.  Two  palladium  wires  were  placed  in  a 
tall  vessel  full  of  weak  sulphuric  acid,  with  a  current  of  electricity 
passing  through  them.  Oxygen  was  developed  on  the  one  wire  and 
hydrogen  on  the  other ;  and  the  wire  to  which  the  hydrogen  adhered 
became  visibly  lengthened  as  the  hydrogen  was  developed  along  its 
surface.  But  as  soon  as  the  current  was  reversed,  and  oxygen  developed 
on  the  same  wire,  it  shortened  again.  This  showed  the  power  of 
hydrogen  in  separating  the  particles  of  the  metal  from  one  another. 

The  President  asked  Mr.  Anderson  if  he  had  tried  any  experiments 
with  brass  wire  exposed  to  the  air  for  a  long  time.  It  was  the 
common  belief  that  such  wire  became  rotten,  but  could  be  partially 
restored  by  heat. 

Mr.  Anderson  was  aware  of  the  fact,  but  had  not  made  any 
experiments  with  regard  to  it. 
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Mr.  W.  S.  Hall  presumed  that  the  cause  suggested  on  p.  230  of  the 
paper  for  the  colours  seen  in  steel  at  various  tempers  would  make  that 
an  analogous  phenomenon  to  the  iridescence  of  mother-of-pearl,  which 
was  known  to  be  caused  by  minute  lines  on  the  surface,  and  might  be 
communicated  by  pressure  to  such  a  substance  as  sealing-wax. 

The  President  said  he  might  mention  another  fact  of  the  same 
kind,  which  perhaps  was  not  commonly  known,  namely  that  many 
years  ago,  in  the  Bank  of  England,  Mr.  Barton  had  made  some 
steel  buttons,  having  extremely  fine  lines  ruled  on  the  surface  with  a 
diamond.  This  produced  the  most  beautiful  prismatic  colours,  quite 
as  fine  as  those  of  mother-of-pearl,  and  capable  of  being  transferred 
to  sealing-wax  in  the  same  way.  Another  example  was  what 
were  called  "  diffraction  gratings,"  one  of  which  he  had  in  his 
possession  ;  it  was  a  piece  of  glass  which  had  been  ruled  with  very  fine 
lines,  about  6,000  to  the  inch,  and  it  gave  perfect  prismatic  colours. 

Mr.  Arthur  Paget  observed  that  the  effect  produced  in  the 
buttons  and  the  glass  would  be  iridescent,  and  varying  according  to 
the  angle  at  which  they  were  viewed,  like  the  colours  of  mother-of- 
pearl  ;  it  was  therefore  entirely  different  from  the  colours  of  tempering. 

Prof.  D.  E.  Hughes,  F.K.S.,  observed  that,  in  his  experiments  on 
the  absorption  of  hydrogen  by  steel  wires,  he  had  found  that  the 
wires  became  exceedingly  brittle :  and  naturally  enough  he  then 
thought  that  hydrogen  might  have  something  to  do  with  the  cause 
of  tempering ;  but  up  to  the  present  time  he  had  not  been  able  to 
discover  that  this  connection  actually  existed.  On  the  contrary, 
by  electrical  and  chemical  demonstration,  he  had  come  to  the 
following  conclusion : — that  steel  in  its  natural  soft  state  was 
simply  a  mechanical  mixture  of  iron  and  carbon — not  a  chemical 
compound,  nor  even  an  alloy,  but  simply  iron  plus  graphite  or  carbon  ; 
but  when  this  steel  was  heated,  the  iron  absorbed  the  carbon,  and 
formed,  at  different  temperatures,  different  alloys.  The  higher  the 
temperature,  the  greater  the  amount  of  carbon  that  was  absorbed ;  and 
if  the  steel  could  be  suddenly  cooled,  while  in  this  alloyed  state,  then 
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the  carbon  would  be  iini)ris()iic(l  in  tlie  iron,  and  tlic  cold  metal  would 
be  a  clioniical  alloy  of  carbon  and  iron,  wliicli  was  very  different  from 
the  iron  j;/<fs  graphite  of  tlie  ordinary  soft  steel. 

This  was  easily  demonstrated  by  tlie  differences  in  the  electro- 
motive force.  In  the  soft  steel  the  graphite  was  so  separated  from 
the  iron  that  there  was  not  one  molecule  of  iron  actually  touching  a 
molecule  of  carbon  ;  but  when  the  metal,  after  being  heated,  was 
suddenly  plunged  into  water,  it  retained  the  condition  of  the  alloy 
formed  at  its  higher  temperature,  and  consequently  the  molecules  of 
iron  and  carbon  remained  in  direct  contact.  A  simple  experiment, 
which  all  could  try,  would  demonstrate  this.  Take  two  rods  of  steel, 
exactly  similar ;  soften  one  and  temper  the  other.  In  order  to  have 
exactly  similar  surfaces,  both  must  be  brightened  with  sand-paper. 
If  they  were  then  put  into  a  mixture  of  one  part  sulphuric  acid  to 
nine  parts  water,  a  violent  local  action  took  place  in  the  tempered 
rod,  and  bubbles  of  hydrogen  were  given  off ;  and  the  steel  would 
be  dissolved  so  rapidly  that  a  bar  -J-  in.  thick  would  be  eaten  away 
in  a  day  or  so.  But  in  the  same  time  the  rod  that  had  been  softened 
would  hardly  be  touched  at  all ;  in  fact,  if  it  could  be  got  perfectly 
soft,  there  would  be  no  action  whatever.  What  did  this  prove  ?  It 
was  known  that  chemically  pure  iron  was  not  attacked  in  dilute 
sulphuric  acid  ;  but  if  in  the  same  liquid  metallic  contact  were  made 
between  the  iron  and  some  metal  having  a  higher  electro-negative 
force,  a  voltaic  cell  was  thereby  at  once  formed:  the  water  was 
decomposed,  the  oxygen  uniting  with  the  iron,  and  the  hydrogen 
being  given  off  at  the  negative  element.  Now  carbon  and  iron 
formed  a  most  powerful  voltaic  cell ;  and  if,  instead  of  a  separate 
piece  of  carbon  being  used,  powdered  carbon  were  brought  into 
direct  contact  with  the  exposed  surface  of  the  iron,  a  series  of  separate 
cells  was  constituted,  one  at  each  contact  point  of  the  carbon ;  in  other 
words,  local  action  took  place.  In  the  case  of  tempered  steel  this 
local  action  was  far  more  violent  than  if  powdered  carbon  alone  were 
used,  since  each  molecule  formed  an  independent  local  circuit ; 
consequently  rapid  corrosion  or  solution  of  the  iron  took  place. 
On  the  other  hand,  in  the  untempered  steel  there  was  no  violent 
action,  because  the  graphite  was  so  separated  from  the  iron  molecules 
that  they  were  not  capable  of  forming  a  local  circuit  at  all. 
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As  already  mentioned,  there  was  no  local  action  in  cliemically  pure 
iron ;  but  in  ordinary  commercial  iron  there  was  strong  local  action, 
due  to  mechanical  mixtures  of  electro-negative  impurities.  In  cast 
iron  also  there  was  still  more  powerful  local  action,  due  not  only  to 
the  impurities  of  the  metal,  but  also  to  the  greater  amount  of  carbon, 
which,  having  thus  an  increased  pressure,  was  brought  into  more 
intimate  contact  with  the  molecules  of  iron.  It  was  a  wonderful  fact 
that,  in  the  case  of  good  steel,  such  as  the  steel  drilling  rods  used  by 
watch-makers,  the  carbon  should  be  so  thoroughly  separated,  when 
the  steel  was  softened,  as  not  to  be  in  sufficiently  close  contact  with 
the  iron  molecules  for  forming  local  circuits.  This  was  an  experiment 
which  everyone  could  make  for  himself ;  and  he  considered  it  most 
instructive  as  regarded  the  difference  between  tempered  and  softened 
steel. 

There  were  also  many  other  proofs.  One  was  the  great  difference 
in  the  electro-negative  force  of  iron  in  all  the  varieties  from  pure  iron 
up  to  tempered  steel.  A  chemically  pure  iron  bar  had  an  electro- 
negative force  of  a  certain  constant  value.  Hardened  steel  had  a 
much  higher  electro-negative  force ;  and  the  difference  of  that  force 
from  the  former  was  a  measure  of  the  amount  of  carbon  combined  with 
the  iron  in  the  hardened  steel.  But  softened  steel  had  exactly  the 
same  electro-negative  force  as  pure  iron.  Therefore  the  carbon  in 
softened  steel  could  not  be  in  actual  contact  with  the  iron  at  all ;  and 
it  was  only  when  it  took  the  form  of  alloy  that  it  could  be  seized  upon 
in  that  way  and  its  quantity  measured.  These  were  some  of  the 
results  of  his  experiments,  and  he  mentioned  them  as  an  indication  of 
his  present  views. 

The  President  asked  Professor  Hughes  if  he  had  tried  the 
difference  in  conducting  power  of  hard  and  soft  wires;  because  it 
would  seem  that  particles  which  were  separated  from  each  other 
would  not  conduct  so  well  as  those  which  were  in  contact. 

Prof.  Hughes  said  experiments  had  been  made  by  others  on  this 
subject  (see  Proceedings  of  the  Chemical  Society,  Dec.  1879,  p.  1000), 
from  which  it  had  been  found  that  the  conducting  power  of  tempered 
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steel  was  much  lower  than  that  of  soft  steel.  But  tliis  could  bo 
easily  explained,  because,  although  in  soft  steel  the  grajihite  was 
separated  from  the  iron,  yet  the  iron  was  in  an  am()r2:)hous  state, 
while  in  the  hard  steel  it  was  crystalline  ;  and  no  crystalline  substances 
were  good  conductors. 

Mr.  Jabez  James  wished  to  give  a  little  of  his  experience  in  the 
workshop  with  reference  to  the  behaviour  of  steel.  Some  years  ago 
he  had  to  make  a  cast-steel  collar,  3  in.  or  3J  in.  diameter,  and 
about  3j  in.  deep.  He  tried  several  ways  of  making  it,  and  made  as 
many  as  nine  before  he  succeeded.  The  collars  seemed  right  enough 
until  he  attempted  to  harden  them,  but  then  they  cracked.  In 
another  case  he  had  some  cutters  to  make  for  the  War  Office,  about 
3  in.  diameter  and  1 J  in.  thick,  with  a  hole  of  about  1  in.  diameter 
through  them.  In  some  instances  they  dropped  in  halves  in  the 
hardening,  while  in  others  they  stood  perfectly ;  they  were  all  made 
from  the  same  bars,  and  the  same  workman  cut  the  steel  off  and 
hardened  it ;  the  cutters  were  turned  however  by  different  workmen. 
He  should  be  glad  if  any  member  could  explain  these  peculiarities. 

It  had  often  been  stated  that  cast  steel,  unlike  iron,  could  not  be 
welded ;  but  he  had  lately  welded  some  large  steel  collars,  16  in.  diam. 
by  5  in.  deep  and  f  in.  thick,  and  in  only  one  case  had  he  failed  to 
produce  satisfactory  work ;  and  the  welding  of  steel  to  iron  could 
also  be  done  perfectly  with  proper  care. 

He  might  add  that  in  the  making  of  tools,  a  common  chipping 
chisel  for  example,  it  should  not  be  drawn  by  the  hand  hammer  or 
the  sledge  hammer,  but  by  the  flatter.  His  reason  for  that  opinion 
was  that  the  marks  of  drawing  were  more  frequent  after  the  use  of 
the  hand  hammer  or  sledge  hammer  than  of  the  flatter ;  and  the 
grain  of  the  steel  was  no  doubt  more  disturbed.  With  reference  to 
turning  tools,  it  was  not  the  hardness  that  was  most  important,  but 
the  form  of  the  tool,  so  as  to  give  a  correct  cutting  edge.  The  same 
would  apply  to  drills  and  taps.  He  was  quite  convinced  that  it  was 
unnecessary  to  have  a  tap  very  hard;  its  excellence  depended 
much  more  on  the  form  of  the  cutting  edge.     If  that  was  correct, 
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there  would  be  much  less  labour  for  the  workman,  aud  not  so  great 
a  strain  upon  the  steel. 

Mr.  W.  Ford  Smith  observed  that  small  pieces  of  cast  tool-steel 
could  be  welded  together,  or  welded  to  iron,  without  any  difficulty, 
by  the  use  of  welding  powders.  He  had  used  successfully  one  which 
consisted  of  ten  parts  borax  and  one  sal  ammoniac. 

The  President  said  common  borax  would  answer  the  purpose 
perfectly. 

Prof.  Hughes  asked  leave  to  mention  one  other  matter  he  had 
noticed  in  his  investigations,  concerning  which  he  should  like  to  know 
whether  it  was  borne  out  by  actual  practice  or  not.  When  he  heated 
a  steel  wire  and  softened  it  in  the  flame  of  spirit,  as  he  generally  did, 
then  at  the  first  instant  after  it  had  become  cool  the  hardness  was  at 
its  lowest  point,  but  if  the  wire  were  laid  aside  in  the  open  air,  the 
hardness  rose  in  value,  and  would  do  so  to  a  considerable  extent 
even  in  one  hour.  The  experiments  which  had  been  carried  out  on 
crystallisation,  as  well  as  his  own  electrical  experiments,  indicated 
clearly  to  him  that  steel  was  softest  at  the  moment  after  it  had  been 
softened :  a  day  after  it  would  not  be  so  soft,  and  must  therefore  have 
crystallised  partially  when  left  to  itself. 

Mr.  Arthur  Paget  believed  there  was  some  evidence  that  the 
converse  was  also  true,  viz.  that  steel,  when  too  hard  from  some 
cause,  became  gradually  softer.  He  had  been  told  that,  when 
Sheffield  manufacturers  found  a  parcel  of  steel  too  brittle,  it  was 
their  custom  to  put  it  aside  for  some  months,  at  the  end  of  which 
time  it  would  be  much  less  brittle ;  but  he  had  never  made  any 
experiments  on  the  point. 

At  the  request  of  the  President  he  mentioned  another  matter 
which  somewhat  bore  on  the  question,  but  he  was  afraid  that  he  could 
not  state  it  as  a  proved  fact,  although  his  workmen  had  a  strong 
belief  that  it  was  quite  true.  He  had  for  some  years  successfully 
used  a  system  of  hardening  very  thin  steel  plates  without  using  any 


238  CHERNOFf's    papers    on    steel.  Aran-   1880. 

water  or  oil,  by  pressing  them  suddenly  while  rcd-liot  between  two 
surface-plates,  holding  them  there  for  a  short  time,  and  then  when 
cooled  dropping  them  out.  If  the  thin  steel  plate  was  clumsily 
caught  between  the  surface-plates,  so  that  it  was  allowed  to  rest  on 
the  lower  one  for  a  very  small  fraction  of  a  second  before  the 
upper  one  pressed  it,  it  would  come  out  considerably  curved  ;  and 
the  men  stated  that  if  they  attempted  to  straighten  such  a  plate 
at  once  they  could  do  so  with  the  fingers,  but  that  at  the  end  of 
a  very  short  time  the  slightest  attempt  at  straightening  would  make 
it  break  in  pieces.  He  was  himself  however  in  considerable 
doubt  about  the  entire  accuracy  of  that  statement,  and  only 
mentioned  it  as,  if  true,  possibly  confirming  to  a  certain  extent 
Prof.  Hughes's  idea,  that  steel  was  softer  at  the  first  moment  after 
cooling  than  afterwards. 

Mr.  W.  W.  Beaumont  suggested  that  a  study  of  the  rationale  of 
the  method  of  production  of  Mushet's  tool-steel  might  give  some  clue 
to  the  reason  for  the  hardening  of  ordinary  steel :  that  steel  being 
very  dense,  and  capable  of  turning  cast-iron,  wrought-iron,  and  some 
steels,  without  having  undergone  any  hardening  itself.  He  put  it  as 
a  question,  whether  or  not  any  inference  as  to  the  change  undergone 
by  ordinary  steel  in  hardening  was  derivable  from  the  explanation  of 
the  superior  hardness  of  Mushet's  unhardened  steel,  supposing  that 
hardness  to  be  produced  by  design  from  known  effects  of  controllable 
causes. 

Mr.  John  Eobinson  asked  if  Mr.  Anderson  could  give  any  further 
evidence  as  to  the  statement  on  p.  228  of  the  paper,  that,  with  proper 
annealing,  cast  steel  was  fully  as  tough,  tenacious,  and  ductile  as  the 
forged  metal.  Upon  that  point  he  thought  the  meeting  would  b 
glad  to  have  further  information,  because  it  was  not  according  to  the 
experience  of  engineers  generally. 

Mr.  Jeremiah  Head,  referring  to  the  question  put  by  Mr. 
Eobinson,  wished  to  mention,  what  many  present  no  doubt  knew 
perfectly  well,  that  formerly  the  ingots  for  making  steel  rails  were 
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all  Lammcrcd ;  but  lie  believed  that  now  there  was  hardly  a  steel  rail 
mill  at  which  the  hammering  of  ingots  was  ever  talked  of.  He  had 
himself  had  some  experience  in  rolling  ingots  into  steel  plates. 
When  he  began,  he  used  to  hammer  the  ingots  after  casting,  under  the 
idea  that  the  plates  would  thus  be  more  solid  and  of  better  quality ; 
but  finding  that  there  was  a  great  deal  of  extra  waste  due  to  the 
second  heating  thereby  occasioned,  he  discontinued  the  hammering 
altogether;  and  the  ingots  were  now  simply  cast  flat,  and  then 
rolled  without  any  hammering  at  all.  The  plates  so  made,  as 
far  as  he  had  tried  them,  stood  Lloyd's  tests  quite  as  well  as  if  they 
had  been  hammered. 

Mr.  EoBiNSON  said  his  question  related  to  steel  castings  in  various 
forms,  toothed  wheels  for  instance,  which  could  not  be  hammered  or 
rolled.  In  Mr.  Head's  case  the  rolling  of  the  steel  ingot  had  to  some 
extent  the  same  effect  in  giving  a  grain  to  the  steel  as  if  it  were 
hammered. 

The  President  mentioned,  with  regard  to  the  retaining  of  carbon 
in  steel  while  annealing,  that  many  years  ago  he  had  made  a  number 
of  milling  tools  for  use  in  the  lathe,  and  had  annealed  them  in  oak 
sawdust ;  and  he  had  found  that  by  this  means  the  steel  was  kept  in  good 
condition,  instead  of  being  impoverished  by  losing  the  carbon,  as  it 
would  have  been  if  cooled  in  the  ordinary  way.  With  regard  to  the 
sudden  cracking  of  masses  of  steel  when  cooling,  which  Mr.  James  had 
touched  upon,  he  might  observe  that  sudden  chilling  in  cold  water 
had  a  bad  effect  upon  many  classes  of  steel.  It  was  impossible  for 
steel  wire  to  be  drawn  hard,  if  it  had  been  chilled  in  cold  water ;  but 
if  chilled  in  hot  water  it  could  be  drawn  without  difficulty,  while  at 
the  same  time  it  was  well  hardened  to  about  a  full  dark  blue  temper. 
That  was  particularly  important  in  drawing  steel  for  music  wire,  pit 
ropes,  and  steam-plough  ropes.  Steam  ploughing  in  fact  would  not 
exist,  if  it  were  not  for  the  hard  steel-wire  ropes.  That  wire  had 
first  been  made  in  Austria,  and  was  called  Austrian  music  wire ;  but 
the  process  had  since  been  introduced  into  this  country,  and  had  been 
in  use  for  the  last  fifteen  or  twenty  years. 
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Mr.  John  Fernie,  referring  to  the  splitting  of  largo  pieces  of  stcd 
sncli  as  cutters,  said  that  tlic  Americans,  who  used  cutters  more  than 
Englishmen,  after  tliey  had  rough-turned  a  cutter,  and  bored  it  out, 
softened  it  very  much  by  annealing ;  and  when  finished  they  re- 
steeled  it  as  it  were,  by  putting  it  for  some  time  in  a  box  along 
with  charcoal  or  other  materials.  He  believed  Englishmen  had  a 
great  deal  to  learn  from  Americans  as  to  the  treatment  of  steel. 
Those  who  had  visited  the  Exhibition  at  Philadelphia  in  1876,  would 
remember  seeing  a  piece  of  American  steel  which  had  punched  a 
number  of  -j^  in.  holes  through  iron  2  inches  thick.  That 
steel  was  treated  in  some  particular  way  ;  but  he  had  not  been 
able  to  ascertain  how.  Most  of  the  large  cutters  made  in  America 
were  made,  he  believed,  from  Sheffield  steel,  but  treated  in  a 
particular  way.  With  regard  to  the  difficulty  of  hardening  steel,  a 
watch  manufacturer  in  Geneva  had  told  him  that  a  great  many  people 
from  Sheffield  came  to  him  soliciting  orders  for  steel,  but  that  there 
was  only  one  firm  on  whom  he  could  thoroughly  depend  to  furnish  a 
steel  that  would  not  fly  to  pieces  in  hardening.  In  such  trades,  the 
workmanship  expended  upon  the  steel  was  many  times  the  value  of 
the  steel  itself ;  therefore  it  was  most  important  to  get  a  perfect  steel. 

Mr.  Jabez  James,  referring  to  Mr.  Fernie's  remarks  on  the 
American  plan  of  annealing  cutters,  asked  leave  to  mention  that 
often,  when  steel  came  from  the  forge,  and  a  rough  cut  was  taken 
from  it  in  the  lathe,  it  was  found  to  be  very  pinny.  He  had  known 
cases  where  it  would  turn  the  edge  of  the  tool  or  drive  the  tool  quite 
away  from  it.  If  steel  of  that  class,  after  a  rough  cut  had  been 
taken  from  it,  was  annealed  in  lime  and  sawdust,  or  lime  and  charcoal, 
it  would  be  found  to  work  very  soft;  but  on  hardening  the  steel 
again,  unless  it  were  again  put  through  a  process  of  charcoal,  it  would 
not  take  temper  so  well  as  it  would  before.  With  regard  to  cutters, 
they  were  very  extensively  used  in  this  country,  and  he  believed  all 
the  cutters  used  in  America  were  copied  from  English  manufacturers. 

Mr.  Anderson  said,  in  reply,  that  the  enormous  difficulty  of  this 
subject  bad  grown  upon  him  the  more  he  had  turned  his  attention  to 
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it.  Not  only  was  it  extremely  difficult  in  itself,  but  it  required  a 
great  range  of  knowledge  in  physical  science  to  be  able  to  grapple 
with  it :  as  had  been  forcibly  brought  out  by  what  Professor  Hughes 
had  elicited  by  means  of  electricity,  showing  that  it  was  necessary  to  take 
up  that  study  also,  in  order  to  work  out  the  question  of  hardening  and 
tempering.  Professor  Hughes's  reasoning  from  electrical  facts  went 
to  show  that  there  was  a  separation  of  the  carbon  in  the  form  of 
graphite  when  the  steel  was  soft,  and  a  combination  with  the  iron  when 
it  was  hard.  The  difficulty  he  found  in  acquiescing  in  that  statement 
was,  that  it  had  generally  been  supposed  that  the  separation  of  carbon 
in  the  form  of  graphite  must  be  accompanied  by  a  weakening  of  the 
material.  The  reason  why  cast  iron  was  so  much  weaker  than  steel 
was  supposed  to  be  that  the  excess  of  carbon  in  cast  iron  assumed  the 
form  of  graphite  in  separate  particles,  and  those  particles  were  inter- 
posed between  the  particles  of  iron,  and  so  reduced  their  cohesion. 
But  soft  steel  was  generally  more  ductile,  and  carried  nearly  as  high 
a  tensile  strain  as  hardened  steel ;  whereas  it  appeared  to  him  that,  if 
Professor  Hughes's  view  was  right,  the  quantity  of  graphite  in  the 
soft  steel,  which  must  be  considerable,  ought  to  weaken  it  very  much 
more  than  it  did. 

It  was  desirable  that  the  word  steel  should  be  better  defined. 
He  had  written  recently  to  his  friend  Mr.  Chernoff,  at  the  request  of 
the  Secretary  of  the  Inst.  C.E.,  with  respect  to  the  behaviour  of  steel 
under  extreme  cold,  a  paper  having  lately  been  read  at  that 
Institution  upon  the  subject.  In  answer,  Mr.  Chernoff  asked  what 
they  were  talking  about  when  they  talked  of  steel.  If  they  talked  of 
steel  in  his  sense  of  the  term — i.e.  a  mixture  or  combination  of  pure 
iron  and  pure  carbon — then  his  answer  was  that  cold  produced  no 
effect  whatever  upon  it.  In  the  case  of  pure  steel  manufactured  at 
the  Abouchoff  Steel  Works,  they  were  as  willing  to  submit  their 
tyres  and  other  steel  articles  to  any  tests  in  the  severest  cold,  as  they 
were  in  warm  weather.  But  if  they  talked  of  steel  containing 
phosphorus  besides  carbon  and  iron,  that  was  a  totally  different 
matter  ;  and  extreme  cold  produced  a  very  sensible  effect.  Steel  with 
phosphorus  in  it  would  stand  a  test  in  warm  weather  which  it 
would  not  stand  in  cold.     That  fact  seemed  to  confirm  the  previous 
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remarks  of  Mr.  Clieriioff,  as  to  the  extreme  importance,  vvlieu 
C()m2)ariiig  the  behaviour  of  steel  under  various  circumstances,  of 
being  quite  sure  about  the  substance  of  which  they  were  talking. 
Carbon  and  iron  was  one  class  of  steel ;  carbon,  i)hosplioru8,  and  iron 
another;  carbon,  2)hos])horus,  manganese,  and  iron  another  ;  and  carbon, 
silicon,  manganese,  and  iron  still  another.  It  was  no  more  fair  to 
compare  together  steels  containing  different  ingredients,  than  it  would 
be  to  compare  the  behaviour  of  cast  and  wrought  iron.  No  doubt 
it  was  the  neglect  of  this  important  fact  that  accounted  for  a  great 
many  anomalies  which  were  to  be  found  in  statements  about  the 
behaviour  of  steel. 

With  respect  to  the  hardening  of  steel,  one  of  the  ideas  which  had 
been  broached  was,  that  it  was  connected  in  some  way  with  the 
greater  or  less  proportion  of  hydrogen,  or  other  gases,  contained  in 
the  steel ;  and  that  the  hardening  was  caused  by  the  particles  of  steel 
being  allowed  to  approach  more  closely  to  each  other,  by  reason  of 
the  gases  being  driven  out  from  between  them.  If  so,  it  would  seem  to 
follow  that  hardened  steel  ought  to  be  of  greater  specific  gravity  than 
unhardened  steel.  But  it  was  a  notorious  fact  that  hardened  steel 
"  swelled,"  or  became  more  bulky.  Nevertheless  he  believed,  if 
hardened  steel  could  be  got  in  a  state  of  repose,  it  would  be  of  greater 
specific  gravity  than  soft  steel ;  the  difficulty  was  to  get  it  in  that 
state.  With  a  view  of  finding  out  what  the  condition  of  hard  steel 
really  was,  he  paid  a  visit  to  the  Mint,  and  asked  to  see  the  dies 
which  were  used  in  coinage,  and  which  were  said  to  crack  very  often. 
Sometimes  they  were  finished  and  put  away,  and  when  afterwards 
taken  out  for  use  were  found  to  be  cracked.  He  argued  that  if  the 
'•  swelling  "  of  the  steel  was  caused  by  the  decrease  of  its  specific 
gravity,  there  ought  to  be  no  particular  strains  to  cause  the  cracking. 
It  would  be  otherwise  if  the  "  swelling "  was  due  to  the  unequal 
setting  of  the  steel,  the  outer  part  first  of  all  setting  hard,  and  the 
inner  part  afterwards  cooling  and  trying  to  drag  the  outer  part  after  it 
in  its  contraction.  In  that  case  the  inner  part  would  be  in  a  state  of 
tension,  and  the  outer  part  in  a  state  of  compression ;  and  the  dies 
ought  to  crack,  not  radially,  but  in  circular  cracks  inside  the  outer 
layers.     On  examining  a  number  of  dies  he  found  this  to  be  actually 
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the  case.  Two  dies,  with  circular  cracks  of  this  kind,  had  been 
l)resented  by  the  Mint  to  the  Institution.  Another  die  was  cracked 
in  the  form  of  a  narrow  ellipse,  which  however  showed  the  same 
tendency.  Further  he  argued  that,  if  a  flat  piece  of  hardened  steel 
was  cooled  on  one  side  only,  it  ought  to  be  hollow  on  that  side  from 
the  contraction  of  the  steel  at  that  part ;  and,  as  stated  in  the  paper, 
he  found  on  trial  that  this  was  really  the  case. 

Mr.  EoBiNSON  remarked  that  the  elliptical  form  of  crack  at  the 
centre  of  the  bar  was  a  common  failure  in  ordinary  bars  of  steel,  as 
delivered  from  the  steel  manufactory  without  being  hardened. 

Mr.  Anderson  said  it  was  at  any  rate  clear  that,  if  the  crack  was 
due  to  the  outside  being  in  tension,  it  would  be  radial.  But  the 
circular  form  was  invariably  the  way  in  which  dies  cracked ;  and  it 
showed  what  care  there  ought  to  be  in  such  investigations  not  to 
jump  hastily  to  conclusions.  Taking  the  specific  gravity  of  a  piece  of 
hardened  steel  in  the  ordinary  way,  and  comparing  it  with  that  of  the 
same  piece  when  soft,  it  would  be  found  that  it  was  slightly  less ; 
whereas  in  reality,  as  he  believed,  the  specific  gravity  of  the  hardened 
steel  was  greater,  because  the  particles  approached  more  nearly 
together  than  before. 

With  reference  to  Mr.  Eobinson's  question  as  to  the  relative 
strength  of  cast  and  forged  steel,  he  could  only  refer  him  to  the 
translation  of  Mr.  Chernoff's  paper  (Proceedings  1880,  p.  182),  where 
he  would  find  the  Tables  alluded  to.  Several  facts  given  in  the 
previous  pages  confirmed  the  view  that,  when  properly  annealed, 
steel  castings,  as  produced  at  the  Abouchoff  or  Terre-Noire  Works, 
were  as  strong  as  steel  forgings.  His  own  experience — and  some 
years  back  he  had  used  cast  steel  in  very  large  masses — did  not  at 
all  confirm  that  view.  His  own  impression  had  been  that  the  steel 
castings  he  had  used  were  not  many  degrees  removed  from  cast  iron  : 
but  that  was  some  years  ago,  and  every  year  enormous  advances  were 
made  in  the  casting  of  steel,  so  that  he  had  no  doubt  the  statements 
of  Mr.  Chernoff  were  perfectly  correct. 
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Tlicrc  was  a  casual  allusion  in  Mr.  Chcrnoir's  i)a2)cr  (Proceedings, 
p.  170)  to  the  use  of  steam  pressure  in  casting  steel  ingots.  Ho 
understood  that  the  Terre-Noire  Works,  alluded  to  as  having  tried 
that  system  of  casting,  had  not  only  tried  but  were  actually  using 
it.  In  his  own  paper,  it  would  rather  a2)pear  as  if  he  had  assigned 
the  credit  of  using  steam  pressure  in  casting  ingots  entirely  to  the 
Americans  ;  but  it  appeared  that  it  had  been  worked  out  independently 
by  the  highly-intelligent  gentlemen  connected  with  the  Terre-Noire 
Works. 

In  conclusion  he  would  only  ask  all  who  had  opportunities  of 
doing  so  to  communicate  to  the  Institution  every  fact  of  interest  that 
came  before  them  in  relation  to  this  very  difficult  subject.  It  was 
quite  impossible  to  tell  what  importance  the  facts  might  have, 
when  collated  with  the  other  facts  which  the  Eesearch  Committee 
was  collecting,  in  solving  the  mystery  which  attached  to  the  subject 
before  them. 

The  President  asked  the  members  to  pass  a  vote  of  thanks  to 
Mr.  Anderson  for  his  interesting  paper. 
The  vote  of  thanks  was  passed. 


The  following  paper  was  then  read  ; — 
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ON   WATER-PRESSUEE   ENGINES  FOR  MINING 
PURPOSES. 


By  Mr.  HENRY  DAVEY,  of  Leeds. 


In  this  paper  the  author  proposes  to  discuss  some  of  the  leading 
questions  involved  in  the  proper  construction  of  Hydraulic  Engines, 
such  as  are  suited  to  considerable  pressures;  excluding  from 
consideration  turbines  and  similar  machines,  which  cannot  be 
correctly  designated  water-pressure  engines. 

Water-Pressure  Engines  are  usually  intermittent  in  action  ;  nor  is 
the  author  acquainted  with  any  practically  successful  engine  which 
works  with  a  continuous  and  uniform  flow.  Rotary  water-pressure 
engines  have  been  employed  and  experimented  upon,  but,  as  far  as  the 
author  is  aware,  without  much  success.  Sir  William  Armstrong 
experimented  with  a  rotary  engine  before  he  perfected  his  water- 
pressure  machinery,  now  so  well  known  (see  Proceedings  Inst.  C.  E., 
vol.  L.,  p.  64). 

Water  supply,  depending  as  it  does  on  rainfall,  is  necessarily 
variable  where  there  is  not  an  impounding  reservoir  of  sufficient 
capacity  to  compensate  for  the  variations  in  the  fall ;  and  the  great 
difficulty  of  forming  such  reservoirs,  in  localities  where  water  power 
is  available,  is  the  chief  reason  why  the  mechanical  energy  of  the 
water,  which  falls  on  the  high  ground  and  gravitates  to  the  valleys, 
is  not  utilised  more  than  it  actually  is.  The  subject  however  has 
not  received  the  attention  it  deserves ;  and  steam  is  often  employed, 
especially  in  hilly  districts,  where  water  power  would  have  been 
practicable  and  very  much  less  expensive.  Metalliferous  mines  are 
usually  situated  in  hilly  districts,  and  are  often  worked  to  the  depth 
of  the  adjoining  valley  through  an  adit  level.  Several  mines  may  be 
drained  through  the  same  level :  a  notable  instance  being  the  Sutro 
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Timncl.  In  such  cases  Avator  may  bo  collected  on  the  hill,  and 
conducted  through  a  shaft  to  an  adit  level,  and  there  employed  to 
work  the  mine;  a  practical  example  of  tliis  is  given  in  a  subsequent 
part  of  this  paper. 

The  average  yearly  rainfall  in  England  is  42  inches;  but  in 
hilly  districts  it  is  more,  and  probably  averages  53  inches.  The 
loss  from  absorption  and  evaporation  must  necessarily  vary  greatly 
in  different  localities;  and  probably  not  more  than  an  average  of 
30  inches  could  be  gathered  into  reservoirs,  which  is  equal  to  about 
IJ  gallon  per  minute  per  acre,  or  800  gallons  per  square  mile ;  or, 
in  round  numbers,  one  square  mile  of  elevated  ground  contributes 
24  H.P.  for  each  100  feet  of  elevation. 

When  the  difficulties  are  considered  of  collecting  and  storing 
such  a  variable  quantity  as  the  rainfall  (which  varies  in  England 
between  20  and  70  inches  per  annum),  it  is  easily  seen  that  it  is  only 
in  exceptional  cases  that  the  rainfall  from  elevated  lands  can  be 
made  available  for  power,  unless  where  the  natural  contour  of  the 
hills  contributes  very  largely  to  the  desired  result. 

A  body  of  water  at  rest  in  a  pipe  exerts  at  any  point  a  pressure 
proportional  to  the  head  or  vertical  height  of  the  column  above  that 
point.     Let 

h  =  the  head  of  water  in  feet  above  any  point, 
p  =  the  pressure  in  lbs.  per  sq.  in.  at  that  point ; 
then _p  =  0-43  li. 

A  column  of  water  in  motion  in  a  pipe  has  an  acquired  energy 
expressed  in  foot-lbs.  by 

T7  ~  644 
in  which  W  is  the  weight  in  lbs.,  and  v  the  velocity  in  feet  per  second. 
The  acquired  energy  thus  varies  directly  as  the  weight  and  as  the 
square  of  the  velocity. 

If  the  velocity  of  a  given  weight  of  water  is  not  altered,  its 
acquired  energy  is  not  increased  or  diminished.  But  a  column  of  water 
moving  with  an  accelerating  velocity  exerts  a  less  pressure  than  the 
same  column  at  rest ;  and  a  column  of  water  whose  velocity  is  being 
retarded  exerts  a  greater  pressure  than  the  same  column  at  rest. 
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If  a  column  of  water  in  motion  be  suddenly  stopped,  its  acquired 
energy  is  spent  in  producing  a  blow  or  shock  ;  hence  any  water- 
pressure  engine,  in  which  the  motion  of  the  driving  column  is 
suddenly  arrested  n  times  per  minute,  loses  in  ft.-lbs.  per  minute  the 

energy  represented  by  n  — ^. 

If  a  water-pressure  engine  be  employed  to  overcome  a  constant 
resistance,  its  minimum  power  must  be  equal  to  that  resistance  ;  and 
if  the  velocity  of  the  driving  column  varies,  then  its  energy  varies, 
and  the  energy  due  to  the  difference  between  the  maximum  and 
minimum  velocity  is  lost. 

Let  V  and  Y  be  the  lower  and  the  higher  velocity  alternately 
assumed  by  the  water  column,  n  the  number  of  changes  per  minute, 
and  I  the  loss  of  energy ;  then 

644  644 


Water-pressure  engines  are  employed  in  pumping  water,  in 
winding  materials  from  mines,  and  in  driving  machinery  of  various 
kinds. 

For  pumping  water,  the  engine  is  usually  applied  direct  to  the 
pump,  and  in  its  simplest  form  is  illustrated  in  Fig.  1,  Plate  19,  which 
represents  the  water-pressure  engine  erected  by  Trevithick  at  the 
Druid  Copper  Mines,  Illogan,  near  Eedruth.  The  engine  consisted  of 
a  10-in.  double-acting  hydraulic  cylinder  A,  provided  with  a  piston 
having  a  stroke  of  9  ft.  From  the  cross-head  of  the  engine,  spear- 
rods  descended  to  work  the  pumps.  The  valves  consisted  of  two 
lead  "  plugs,"  or  pistons,  B  and  C.  Eods  attached  to  these  plugs 
passed  through  stuffing-boxes  in  the  valve-chest  cover,  and  were 
connected  by  means  of  a  chain  passing  over  a  chain-wheel  D.  A  lever 
on  the  axis  of  the  chain-wheel  was  connected  to  the  tumbling  weight 
W.  The  movement  of  the  main  piston  towards  the  end  of  its  stroke, 
acting  by  tappets  fixed  on  the  piston-rod,  caused  the  tumbling  weight 
to  be  pushed  over  the  centre,  as  in  Fig.  2 ;  and  in  that  way  the  valves 
or  pings  B  and  C  were  reversed,  and  the  return  stroke  of  the  engine 
was  effected. 
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If  tliG  plugs  B  and  C  were  made  to  cover  the  ports,  and  thereby 
to  prevent  all  slij)  of  water  past  them,  then  the  driving  column 
would  be  absolutely  stopped  at  the  end  of  each  stroke,  as  would 
be  also  the  delivery  column  of  the  pumps.  The  consequent 
loss  of  energy  would  be  very  great,  and  would  be  determined  by 
the  expression  given  above.  Severe  shocks  would  also  be  produced 
at  the  end  of  each  stroke.  To  reduce  the  severity  of  these  shocks, 
Trevithick  made  the  plugs  B  and  C  less  deep  than  the  width  of  the 
ports,  as  seen  in  Fig  1,  and  thereby  allowed  water  to  pass  through 
from  the  driving  column  to  the  exhaust  during  the  reversal  of 
the  stroke,  thus  preventing  the  absolute  stoppage  of  the  driving 
column.  This  device  reduced  the  shock  at  the  expense  of  water; 
and  the  efficiency  of  the  engine  must  have  been  small. 

The  loss  of  energy  arising  from  fluctuations  of  velocity  in  the 
driving  column  is  directly  proportional  to  the  weight  of  the  driving 
column,  and  therefore  to  its  length ;  consequently,  when  the  height 
of  the  column  is  inconsiderable  compared  with  its  length,  and 
therefore  its  power  small  compared  with  its  weight,  the  percentage 
of  loss  is  very  greatly  increased. 

In  applying  hydraulic  power  for  draining  the  dip  and  distant 
workings  in  mines,  the  author  has  practically  experienced  the 
difficulty  of  having  to  deal  with  a  column  very  long  compared  with 
its  height.  A  practical  example  is  given  in  Figs.  6  and  7,  Plate  20, 
which  represent  two  engines  at  Griff  Colliery,  near  Nuneaton :  these 
are  now  employed  to  pump  out  a  very  long  dip  working,  and  will  be 
kept  for  draining  it  permanently.  There  are  two  hydraulic  engines 
A  and  B,  each  capable  of  raising  150  gallons  per  minute  to  150  ft. 
height,  through  800  ft.  of  7J-in.  delivery  pipe  CC,  under  an  effective 
head  in  the  driving  column  of  450  ft.,  this  head  being  supplied  through 
1 900  ft.  of  5-in.  supply  pipe  DD.  In  commencing  to  get  out  the  water 
from  the  dip,  the  first  engine  was  placed  as  near  as  possible  to  the 
surface  of  the  water.  Suction  pipes  E  were  then  added,  as  the  water 
was  lowered,  until  a  vertical  depth  of  25  ft.  was  reached ;  the  second 
engine  was  then  placed  close  down  to  the  water-level,  and  the  operation 
continued.      In  that   way   the  pumping  was   uninterrupted,  and  a 
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distance  of  150  ft.  down  the  dip  could  be  readied  before  it  became 
necessary  to  move  either  engine,  the  inclination  of  the  dip  being 
1  in  6.  The  water  delivered  at  the  top  of  the  dip  working  is 
conducted  to  the  sump  S  of  the  main  pumping  engines,  and  the  water 
for  driving  the  hydraulic  engines  is  conveyed  down  the  shaft  from  the 
surface  of  the  mine  ;  so  that  the  main  pumping  engines  have  to  pamp 
the  water  delivered  at  the  sump,  which  includes  the  water  used  in 
working  the  hydraulic  engines.  The  exhaust  water  from  the  power 
cylinder  is  delivered  direct  into  the  rising  main  of  the  hydraulic 
pump,  so  that  the  hydraulic  engines  work  with  an  effective  head 
equal  to  the  height  of  the  supply  cistern  above  the  main  engine 
sump  S. 

A  longitudinal  section  of  the  hydraulic  engines  is  given  in 
Fig.  8,  Plate  21.  The  stroke  is  2  ft.  6  in.,  diam.  of  power  cylinder 
6J-  in.,  of  pump  8|  in.    Thus  the  useful  effect  is  represented  by 

(8'75\^     150 
fi79^ )  ^  4^  ~    ^^  P^^  ^®^^-     ^^^  speed  of  working   is  12  double 

strokes  per  minute.  It  will  be  seen  that  the  pump  is  provided  with 
a  loose  liner  M ;  by  withdrawing  this  liner,  and  putting  in  a  larger 
piston  of  12  J  in.  diam.,  the  capacity  of  the  pump  is  doubled,  enabling 
the  engine  to  pump  double  the  quantity  to  half  the  height.  The 
larger  piston  is  used  until  half  the  total  depth  is  reached,  when  it 
becomes  necessary  to  insert  the  liner,  and  use  the  smaller  piston  for 
the  remaining  depth. 

The  valves  of  the  power  cylinder  are  of  a  very  peculiar 
construction,  and  were  designed  by  the  author  with  a  view  to  get 
rid  of  the  difficulties  encountered  in  applying  slides,  and  other 
ordinary  valves,  to  water-pressure  engines.  They  are  shown  to  a 
larger  scale  in  Figs.  9  and  10,  Plate  21.  Kef  erring  to  Fig.  10,  the  top 
orifice  F  is  the  inlet,  and  the  bottom  one  G  the  outlet  or  eduction 
pipe ;  and  the  pipes  J  and  K  form  communications  to  the  two  ends 
of  the  power  cylinder.  The  eduction  valves  are  annular  gun-metal 
pistons  HH,  working  vertically,  and  each  having  two  valve-beats, 
one  on  the  inner  edge  I  and  one  on  the  outer  edge  0  of  its  bottom 
face.  As  the  annular  valve  descends,  the  outside  beat  closes  the 
communication  to  the  eduction  pipe;  and  the  inlet  valve  L,  rising 
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against  the  inner  beat,  closes  the  supply.  This  inlet  valve  is  an 
ordinary  single-beat  mushroom  valve,  with  its  stalk  projecting 
upwards  and  attached  at  the  top  to  a  piston  N ;  the  bottom  face  of 
this  piston  is  constantly  under  the  pressure  of  the  driving  column, 
while  the  top  face  is  exposed  alternately  to  the  pressure  of  the 
driving  column  and  to  the  pressure  in  the  eduction  pipe,  by  means 
of  a  small  gun-metal  slide-valve  P,  Fig.  9,  actuated  by  a  lever  Q  and 
tappet-rod  R,  Fig.  8.  The  action  of  the  two  valves  in  combination 
will  be  readily  seen  by  supposing  that  the  exhaust  valve  is  closed 
and  the  pressure  valve  is  open,  as  on  the  left-hand  side  of  Fig.  10  ; 
then  the  pressure  valve  L,  in  closing,  rises  up  against  the  annular 
exhaust  valve  H,  and  lifts  it,  opening  the  exhaust  orifice  G.  The 
valves  are  now  in  the  position  shown  on  the  right-hand  side  of 
Fig.  10.  Towards  the  end  of  the  stroke,  an  arm  S  attached  to  the 
cross-head  of  the  engine  strikes  the  tappet  and  so  pushes  the  slide- 
valve  over,  into  such  a  position  that  the  top  of  the  right-hand  valve- 
piston  is  exposed  to  the  pressure  column  and  that  of  the  other  to  the 
eduction  column.  The  main  valves  are  thereby  reversed :  the  right- 
hand  piston  being  under  equal  pressure  top  and  bottom,  the  pressure 
on  the  top  of  the  annular  valve  H  forces  it  downwards,  carrying  the 
pressure  valve  L  with  it.  When  the  valve  H  has  come  down  on  its 
beat  0,  closing  the  exhaust  orifice,  the  valve  L  continues  to  descend 
under  the  pressure  above  it,  and  opens  the  pipe  K  to  the  pressure 
water,  as  on  the  left-hand  side  of  Fig.  10.  On  the  other  side  the 
ascending  piston  causes  its  inlet  valve  to  close,  and  its  eduction 
valve  to  open.  With  this  successive  and  alternate  action  of  the  valves 
they  cannot  in  working  be  placed  in  a  position  which  would  allow 
any  water  to  slip  through  uselessly ;  that  is  to  say,  it  is  impossible 
for  the  exhaust  valve  and  the  pressure  valve  ever  to  be  both  of  them 
open  at  the  same  time.  The  opening  of  the  exhaust  valve  depends  on 
the  closing  of  the  pressure  valve,  and  the  pressure  valve  cannot  open 
until  after  the  exhaust  valve  has  closed  ;  so  that  it  is  impossible  for 
either  valve  to  be  open  except  while  the  other  valve  is  closed. 

The  practical  effect  of  this  action  on  the  velocity  of  the  driving 
column  is  to  retard  it,  but  not  absolutely  to  stop  it ;  and,  if  the 
joint   displacement    of    the    two   valve   pistons   were   equal   to   the 
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displacement  of  the  main  piston,  the  fluctuation  in  velocity,  as 
represented  in  the  diagram,  Fig.  3,  Plate  19,  would  be  very  similar 
to  that  caused  by  the  working  of  two  simple  engines  coupled  by 
cranks  at  right  angles  to  each  other,  which  is  shown  in  the  diagram, 
Fig.  4.  "When  the  two  hydraulic  engines  are  in  their  final  position, 
and  can  be  placed  side  by  side,  they  can  be  so  arranged  that  engine  A 
works  the  change  valve  of  engine  B,  Plate  20,  and  vice  versa.  In 
this  way  the  fluctuation  of  velocity  in  the  columns  can  be  further 
reduced  to  that  represented  in  Fig.  5,  Plate  19.  Here  A  A  are  the 
diagrams  of  velocity  for  one  engine,  and  BB  the  corresponding 
inverted  diagrams  for  the  other  engine.  It  will  be  seen  that  as 
the  velocity  diminishes  in  A,  at  the  ends  of  the  strokes,  it  increases 
in  B,  and  vice  versa;  and  theoretically,  the  decrease  and  increase 
being  the  same,  the  resultant  line  of  velocity  in  the  driving  column 
would  be  the  horizontal  full  line  VV.  In  practice  this  is  not  quite 
the  case,  and  there  is  a  rise  of  velocity  at  the  ends  of  the  strokes,  as 
shown  by  the  dotted  line  at  E,  E. 

The  double-acting  engines  just  described  were  specially  designed 
for  the  purpose  they  are  applied  to,  which  necessitated  their  occupying 
a  very  small  space,  and  being  very  portable.  But  in  the  majority 
of  cases,  especially  where  the  engines  are  applied  under  considerable 
pressure,  and  where  the  water  is  at  all  dii'ty,  the  author  uses  plungers 
instead  of  pistons. 

An  example  of  a  pair  of  engines  with  plungers,  and  applied  under 
very  heavy  pressure,  is  given  in  Fig.  13,  Plate  22.  These  engines  were 
made  for  pumping  brine  of  1*3  specific  gravity  from  the  Mansfield 
Company's  deep  salt-mine  in  Westphalia,  and  were  adopted  by  the 
Company  after  they  had  had  considerable  experience  with  a  similar 
engine  applied  under  similar  conditions.  The  author  had  nothing  to 
do  with  anything  beyond  the  engines  themselves ;  and  regrets  that  he 
is  not  in  a  position  to  give  particulars  of  the  accumulator,  and  the 
engines  which  supply  it ;  these  are  however  of  the  usual  construction. 

Each  hydraulic  engine  is  capable  of  raising  per  minute  66  gallons 
of  brine  1,000  ft.  high,  with  an  effective  pressure  of  560  lbs.  per  sq. 
in.  in  the  accumulator  A,  equivalent  to  1,000  ft.  head  of  brine.     In 
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the  larger  view,  Fig.  16,  Plate  23,  BB  are  the  power  plungers  of  8  in. 
diam.,  reduced  to  5],  in.  diam.  in  the  i)umi)ing  cylinders  CC.  The  rising 
and  falling  columns  of  the  2)ower  water  balance  each  other,  and  the  head 
of  the  accumulator  pressure  exactly  balances  that  of  the  brine  in  the 
rising  main :  so  that  the  useful  effect  is  simply  given  by  the  ratio 
between  the  total  area  of  the  plunger  at  B,  and  the  reduced  annular  area 

ate.    Hence  useful  effect  =  — ~^   L  =59  per  cent.     The  power 

valves  DD  are  precisely  similar  to  those  already  described,  but  are 
placed  in  separate  boxes,  because  the  power  cylinders  are  separated  ; 
they  are  shown  in  section  to  a  larger  scale  in  Fig.  14,  and  one  of  the 
pump  valves  EE  in  Fig.  15,  Plate  22.  The  change  valve  G,  Fig.  16, 
is  worked  by  a  tappet  arrangement  similar  to  that  abeady  described 
for  the  dip-engines. 

The  effect  of  fluctuations  of  velocity  in  the  driving  column  from 
an  accumulator  is  similar  to  that  in  a  column  with  a  natural  head  ; 
and  the  effect  of  enlarging  the  ram  of  the  accumulator  is  to  reduce 
the  velocity  of  the  moving  weight,  in  the  same  way  as  the  velocity 
of  the  water  is  reduced  by  enlarging  the  pipe  in  the  other  case. 
Hence  it  is  highly  important  that  when  an  accumulator  is  used 
it  should  be  very  large,  thereby  making  its  pulsations  very  slow. 

As  an  example  of  the  practical  application  of  water-pressure 
machinery  to  the  working  of  a  metalliferous  mine  in  a  hilly  district, 
the  author  has  prepared  Figs.  17  to  25,  Plates  24  to  27,  which 
represent  the  machinery  designed  by  him  for  the  A.  D.  Lead  Mine, 
near  Eichmond,  Yorkshire. 

It  will  be  seen  from  Fig.  17,  Plate  24,  that  there  is  a  reservoir 
situated  on  the  hillside  above  the  mine,  at  an  elevation  of  about  500  ft. 
above  the  adit  level.  Pipes  are  led  from  this  reservoir  down  the 
hillside  for  a  distance  of  1800  ft.,  and  are  then  taken  240  ft.  down  a 
vertical  shaft  to  the  interior  of  the  mine,  at  the  inner  end  of  the  adit 
level.  At  this  point  a  large  chamber  is  excavated,  to  contain  the 
pumping  and  winding  engines. 

The  pumping  engine,  Figs.  18  to  22,  Plates  24  to  26,  consists  of 
two  vertical  hydraulic  cylinders  A  A,  each  having  a  power  ram  12  in. 
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diameter  by  7  ft.  stroke.  The  rams  are  connected  together  by  a  chain 
passing  over  an  overhead  chain-pulley  P,  Fig.  21,  so  that  one  ram 
makes  its  up-stroke  whilst  the  other  is  descending.  A  rod  3  in. 
diameter,  fixed  to  the  ram,  passes  down  through  a  stuffing-box  in  the 
bottom  of  the  hydraulic  cylinder,  and  is  attached  to  the  pump-rod. 
The  pumps  are  each  13  in.  diameter,  and  of  course  the  same  stroke 
as  the  hydraulic  rams.  On  each  hydraulic  cylinder  is  placed  a 
valve-box  B,  shown  in  section  in  Fig.  22,  with  valves  similar  to 
those  already  described  in  connection  with  the  other  hydraulic 
engines ;  both  valve-boxes  are  connected  with  a  single  change-valve 
C.  The  pumps,  Figs.  18  to  20,  are  of  the  ordinary  bucket  type, 
provided  with  clack  pieces,  door  pieces,  and  wind  bores,  such  as 
are  generally  used  for  sinking  purposes.  The  pumps  will  be  used  in 
deepening  the  shaft,  and  the  hydraulic  engines  are  proportioned  for 
raising,  at  6  J  strokes  per  minute,  600  gallons  of  water  from  a  depth 
of  360  ft.  to  the  adit  level,  the  present  depth  being  about  120  ft. 
At  the  full  depth,  with  534  ft.  head  on  the  rams,  the  useful  effect 
will  be  represented  by  x  ^  =  84  per  cent. 

The  winding  engine,  Figs.  23  to  25,  Plate  27,  consists  of  a  pair  of 
double-acting  hydraulic  cylinders,  coupled  to  right-angled  cranks  on 
the  driving  shaft,  which  latter  is  geared  to  the  winding  drum  by  a  spur 
pinion :  the  general  arrangement  of  the  engine  being  very  similar 
to  that  of  a  steam  winding  engine.  The  gearing  has  a  proportion  of 
1  to  6,  and  the  winding  drum  is  6  ft.  diameter.  The  weight  to  be 
raised  is  2  tons  of  ore  at  a  time.  The  cylinders  are  5J  in.  diam., 
16  in.  stroke,  and  run  at  19J  rev.  per  min.,  giving  a  speed  of  60  ft. 
per  min.  to  the  rope.  The  admission  and  eduction  valves  are 
somewhat  similar  in  construction  to  those  already  described,  but 
are  driven  by  means  of  eccentrics,  having  a  link  reversing  motion, 
and  are  put  in  equilibrium  by  the  somewhat  novel  arrangement 
shown  in  Fig.  25.  The  two  mushroom  admission  valves  EE  are  on  the 
same  spindle,  on  which  are  also  fixed  two  pistons  GG  each  equal  in 
diameter  to  the  annular  eduction  valves  JJ.  These  pistons  work 
in  cylinders  KK,  placed  beyond  the  engine  ports,  and  forming 
continuations  of  the  valve-box.     By  following  out  the  motion  of  the 
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valves,  as  given  by  the  eccentric,  it  will  be  seen  that  the  eccentric  has 
only  to  overcome  the  resistance  due  to  friction,  because  in  all  positions 
the  valves  are  balanced  as  regards  pressures.  This  the  author 
considers  an  imi)ortant  improvement  in  this  type  of  hydraulic  valve, 
us  it  enables  very  large  valves  to  be  used,  and  thus  i^revents  any  loss 
from  throttling.  It  also  enables  the  reversing  to  be  done  by  means 
of  a  link  motion,  and  gives  easy  and  comi^lcte  control  over  the  engine. 

Having  described  some  examples  of  water-pressure  engines  of 
general  application,  the  author  proceeds  to  describe  two  engines 
specially  designed  for  particular  cases. 

In  Fig.  26,  Plate  28,  is  shown  a  i)eculiar  apjjlication  of  a  hydraulic 
pumping  engine,  and  one  which  the  author  has  had  occasion  to  adopt  in 
several  instances  for  mining  operations.  At  the  Hutton  Henry  Colliery, 
near  Wingate,  Durham,  a  certain  quantity  of  water  comes  out  of  the 
strata  at  an  intermediate  point  A,  in  a  shaft  where  it  is  not  convenient 
to  place  a  pump  except  at  the  bottom.  The  water  produced  at  A  has 
therefore  to  be  taken  down  to  the  bottom  before  being  forced  to  the 
surface.  It  is  taken  down  from  the  point  A  in  a  down  suction- 
pipe  CC  to  the  hydraulic  pump  B,  and  is  delivered  through 
the  delivery  pipe  DD  to  the  sui-face  ;  so  that  the  work  done  by  the 
pump  is  that  due  to  the  difference  between  866  ft.  head  in  the  delivery 
pipe  and  502  ft.  in  the  down  suction-pipe,  or  to  364  ft.  only.  The 
power  cylinder,  6^  in.  diam.,  1  ft.  3  in.  stroke,  is  actuated  by  means 
of  a  driving  column  from  the  point  E,  having  an  effective  pressure  of 
260  ft.  head.  The  power  cylinder  and  pump,  Fig.  27,  are  both  single- 
acting;  but  the  pump  is  a  piston-pump  of  a  peculiar  construction. 
The  pressure  of  the  down  suction  column  is  constantly  in  the 
annular  space  between  the  piston  -  rod,  If  in.  diam.,  and  the 
inside  of  the  pump  barrel,  4  in.  diam.  During  the  forward  or 
delivery  stroke  of  the  pump,  the  pressure  behind  the  annular  area  of 
the  pump  piston  assists  the  plunger  of  the  power  cylinder ;  and  the 
return  stroke  is  produced  entirely  by  the  pressure  from  the  down 
suction  column  being  brought  to  bear  on  the  full  front  area  of  the 
pump  piston,  the  effective  pressure  for  the  return  stroke  being 
therefore  that  due  to  the  difference  between  the  full  front  area  of 
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the   pump  piston  and    tlie    annular    area  of   its  back    face,    or,   in 
otlier   words,   to  the  area  of  the  piston-rod.      The  useful  effect  is 

X  200  ^  ^^  P^^  ^^^^'  '^^®  engine  is  designed  to  work 
at  10.T  double  strokes,  and  to  raise  7  gallons  per  min.  It  should  be 
added  that  the  driving  water  is  water  which  would  run  down  to  the 
bottom  of  this  shaft  in  any  case,  and  is  simply  utilised  for  pumping. 

In  Figs.  28  and  29,  Plate  29,  is  shown  a  pumping  engine  designed 
by  the  author  to  work  under  a  most  peculiar  condition,  namely  that  of 
making  a  single  pipe  serve  both  for  the  driving  column  of  the  engine 
and  as  the  delivery  pipe  of  the  pump.  A  is  the  vertical  pump  plunger, 
and  BB  a  pair  of  power  plungers,  all  three  coupled  side  by  side  to  the 
same  cross-head  C.  D  is  the  suction  valve  of  the  pump,  and  E  the 
delivery  valve.  F  is  the  pipe  which  serves  both  for  the  delivery  from  the 
pump  and  for  the  supply  to  the  power  cylinder.  It  is  in  connection  with 
the  power  cylinders  at  G,  and  has  a  branch  H  connected  to  the  delivery 
valve-box  above  the  delivery  valve  E.  The  cross-head  C  is  of  sufficient 
weight  to  cause  the  descent  of  the  three  plungers  against  the  head  of 
water  in  the  pipe  F.  Water  has  to  be  pumped  from  the  point  K  to 
the  point  M.  The  power  water  is  obtained  from  the  column  L.  J  is 
a  single-acting  valve-box,  similar  to  those  already  described  in 
connection  with  the  other  hydraulic  engines,  and  has  a  change  valve 
actuated  through  a  tappet-rod  and  wire  by  the  rise  and  fall  of  the 
plungers. 

The  modus  operandi  may  be  thus  described.  During  the  up-stroke 
the  plungers  BB  are  being  raised  by  means  of  the  pressure  in  the 
driving  column  L,  and  water  is  being  drawn  up  into  the  pump  cylinder 
A  through  the  suction  valve  D.  On  the  completion  of  the  up-stroke,  the 
change  valve  in  the  valve-box  J  is  reversed  by  the  tappet-rod  and  wire, 
and  the  other  valves  are  also  reversed  by  the  water  itself ;  so  that  the 
communication  to  the  plungers  BB  from  the  driving  column  L  is  closed, 
and  also  the  suction  valve  D  belonging  to  the  lower  sump  K ;  while 
the  delivery  pipe  to  the  upper  sump  M  is  opened.  The  weight  of  the 
cross-head  C  then  causes  the  plungers  to  descend,  forcing  the  water 
out  of  the  pump  and  the  power  cylinders,  through  the  pipe  F,  up  into 
the  sump  M ;  and  the  operation  is  repeated  in  the  same  way.     It  will 


^Ob  WATER-PRESSUUK    MINING    ENGINES.  Al'KIL  1880. 

thus  be  seen  that  tlio  pi2)0  F  serves  as  a  supply  pipe  to  the  engine 
during  tlie  ujvstroke,  and  as  a  delivery  pipe  from  tlie  pnmp  during 
the  return  stroke.  This  engine  is  specially  applicable  to  the 
draining  of  dip  workings,  but  can  only  be  used  to  advantage  in  fixed 
positions,  since  it  is  not  so  portable  as  the  other  dii)-working  engines 
already  described. 

If  a  pump  situated  at  J  be  substituted  for  the  driving  column  L, 
Fig.  28,  the  valve-box  J  can  be  done  away  with,  and  the  pipe  F 
connected  directly  to  the  pump  barrel.  The  dip-engine  would  then 
derive  its  motion  from  this  pump,  and  would  work  simultaneously 
with  it. 

The  two  engines  last  described  are  of  very  limited  application ; 
but  they  present  several  points  of  interest,  particularly  as,  in  the 
application  of  water  power,  engineers  are  often  called  upon  to  devise 
special  means  in  order  to  meet  special  contingencies. 

The  question  of  applying  hydraulic  power  economically  to 
varying  resistances  has  received  considerable  attention.  A  very 
clever  and  ingenious  device,  that  of  automatically  altering  the  stroke 
by  means  of  a  resistance  governor,  has  been  recently  described  in  a 
paper  before  this  Institution  (Proceedings  1879,  p.  484).  There  are 
other  methods  which  readily  suggest  themselves,  such  as  levers 
having  shifting  fulcrums,  and  similar  devices ;  but  the  author  has 
never  found  any  such  mechanism  sufficiently  practical  for  general 
application. 

The  dip  engine  already  described,  Plates  20  and  21,  might  be 
provided  with  a  lever  having  a  shifting  fulcrum,  between  the  power- 
cylinder  and  the  pump;  but  the  economy  so  gained,  beyond  that 
effected  by  the  loose  liner  and  change  of  piston,  would  not  compensate 
for  the  extra  complication. 

In  rotative  engines  having  fly-wheels,  the  admission  valves  of  the 
power  cylinders  may  be  made  to  close  at  varying  points  in  the  stroke, 
by  means  of  known  mechanisms  ;  and  if  the  ends  of  the  cylinders 
are  provided  with  vacuum  valves  opening  inwards,  from  pipes 
dipping  into  a  waste-water  cistern,  the  speed  of  the  engine  may  be 
kept  constant,  whilst  the  supply  of  pressure  water  is  varied  to  meet 
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the  varying  resistances  to  wLicli  the  engine  may  be  applied.  The 
cylinder  would  be  partly  filled  from  the  pressure  pipe ;  and  then  the 
remaining  space  would  be  automatically  filled  from  the  waste  tank. 
By  the  use  of  three  double-acting  cylinders  working  on  one  crank- 
shaft, the  portion  of  the  stroke  during  which  the  pressure  water 
would  be  admitted  might  be  considerably  varied,  without  causing  a 
great  fluctuation  in  the  velocity  of  the  driving  column. 

Notwithstanding  the  great  progress  which  has  been  made  in  the 
employment  of  water-pressure  engines,  the  author  is  of  opinion  that 
there  is  a  wide  field  still  open  for  their  further  application,  and  for 
the  exercise  of  ingenuity  in  the  perfecting  of  details,  and  in  securing 
greater  efficiency.  It  is  mainly  with  a  view  of  directing  attention 
to  a  power  which  is  somewhat  neglected  in  this  age  of  steam,  that  he 
has  been  prompted  to  bring  this  subject  forward  for  discussion. 


Discussion. 

Mr.  Davey  exhibited  a  specimen  of  the  cylindrical  valve-box 
described  in  the  paper,  containing  an  annular  piston-valve  combined 
with  a  mushroom-valve,  and  showed  its  mode  of  working. 

Mr.  Charles  Hawksley  mentioned  one  reason  for  preferring 
water-pressure  machinery  in  certain  situations,  such  as  for  instance 
when  employed  for  unwatering  mines,  notwithstanding  the  greater 
efficiency  that  might  be  obtained  by  carrying  steam  direct  to  the 
pump :  namely  that,  in  the  event  of  a  sudden  inflow  of  water 
overpowering  the  pumps,  the  hydraulic  machinery  would  continue  to 
work,  although  drowned  and  inaccessible.  He  believed  pumps  of  that 
description  had  been  worked  for  several  weeks,  if  not  for  months, 
when  completely  drowned. 
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'Sir.  11.  H.  TwKDDELL  said  tlio  subject  of  the  paper  was  one  which 
tlie  author  had  made  to  a  curtain  extent  his  own ;  and  ho  had  been 
very  successful  in  dealing  with  it.  It  was  stated  (page  245)  that 
the  author  was  not  acquainted  with  any  practically  successful 
watcr-j^ressure  engine  working  with  a  continuous  and  uniform  flow ; 
and  reference  was  made  in  su2)port  of  this  to  the  rotary  water-pressure 
engines  experimented  upon  by  Sir  William  Armstrong  and  others.  He 
did  not  know  whether  that  remark  was  meant  to  apply  equally  to 
rotative  engines  of  such  a  type  as  the  three-cylinder  engine  invented 
by  Mr.  Brotherhood  (Proceedings  1874,  page  173),  or  that  described 
by  Mr.  Hastie  in  his  paper  read  before  the  Institution  last  year 
(Proceedings  1879,  p.  484).  He  should  be  glad  to  hear  some 
explanation  why  rotative  water-pressure  engines  should  not  be 
successful.  He  was  not  aware  that  the  engines  he  had  just 
mentioned  had  ever  been  applied  under  such  circumstances  as  were 
referred  to  in  the  paper ;  but  he  knew  that  they  had  been  used 
successfully  for  ^Dumping  against  a  head  of  water  in  an  accumulator. 
He  could  not  see  any  sensible  difference  between  pumping  against  a 
head  caused  by  an  artificial  load,  such  as  an  accumulator  gave,  and 
pumping  against  a  head  of  water  in  an  ordinary  rising  main  from  a 
pit.  It  seemed  to  him  that  an  engine,  which,  having  a  single  valve, 
was  successful  and  acted  perfectly  under  such  conditions,  was  a 
simpler  affiiir  than  one  requiring  such  a  very  ingenious  arrangement 
of  double  valve  as  that  illustrated  in  Fig.  10,  Plate  21.  He  had  found 
no  trouble  with  rotative  engines  working  against  an  accumulator,  and 
he  failed  to  see  why  such  engines  should  not  be  worked  in  connection 
with  a  common  pump,  and  be  much  simpler  and  less  liable  to  get  out 
of  order  than  when  there  were  so  many  valves  and  valve-seats  to 
look  after. 

He  would  not  now  go  into  the  question  of  the  efficiency  of  the 
three-cylinder  engine  as  a  steam-engine,  or  the  efficiency  of  any  of 
that  class  of  quick-running  engines.  Those  types  of  engine  were  for 
special  purposes,  and  when  suitably  applied  were  undoubtedly  efficient. 
In  some  experiments  with  a  three-cylinder  hydraulic  engine,  applied 
to  drive  a  capstan,  the  efficiency  came  out  as  high  as  73  •  7  per  cent. 
This  he  considered  to  be  a  very  good  result,  and  quite  equal  to  the 
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efficiency  of  any  water-pressure  engines  he  had  ever  heard  of.  The 
efficiencies  given  in  the  paper  seemed  to  be  about  65  per  cent.  With 
some  pumping  engines  in  Germany,  an  efficiency  of  70  per  cent,  he 
believed  had  been  reached. 

The  next  point  which  had  occurred  to  him  in  the  paper  was 
(page  252)  as  to  the  "  effect  of  fluctuations  of  velocity  in  the  driving 
column."  Eeference  was  there  made  to  an  accumulator,  and  it  was 
very  truly  stated  that  the  effect  of  enlarging  the  accumulator  ram  was 
to  reduce  the  velocity  of  the  moving  weight.  But  he  could  not  see 
what  an  accumulator  was  wanted  for  at  the  top  of  a  brine  pit,  or  any 
other  pit,  where  the  engines  at  the  pit-bottom  might  just  as  well  be 
driven  direct  by  the  pumps  which  were  employed  at  the  top  of  the 
pit  for  charging  the  accumulator.  These  pumps  were  the  measure  of 
the  power  imparted  to  the  engines  below,  and  the  accumulator 
simply  acted  as  a  regulator  between  these  pumps  and  the  engines  at 
the  pit-bottom.  It  did  not  fulfil  what  seemed  to  him  to  be  the  more 
proper* use  of  an  accumulator,  namely  to  meet  any  sudden  demand, 
which  the  pumps,  for  the  time  of  that  demand,  were  not  able  to  cope 
with.  Under  such  circumstances  as  those  illustrated  in  the  paper  he 
failed  to  see  the  advantage  of  an  accumulator  of  any  capacity. 

In  reference  to  the  balanced  valve  shown  in  Fig.  25,  Plate  27,  it  was 
a  type  of  valve  he  had  himself  tried  ;  but  he  had  given  it  up  on  account 
of  the  trouble  of  keeping  so  many  valve-seats  right ;  and  he  preferred 
on  the  whole  to  trust  to  piston- valves  made  water-tight  \vith  hemp  or 
leather  packing.  The  balancing  arrangement  by  means  of  a  piston 
at  the  end  of  the  valve  chamber  was  one  that  he  always  used  in  his 
own  practice,  to  prevent  the  "  kick "  which  occurred  in  machines 
when  in  connection  with  an  accumulator. 

As  to  the  question  of  applying  hydraulic  power  economically 
against  varying  resistances  (p.  256),  he  agreed  with  the  author  in  his 
praise  of  Mr.  Hastie's  engine ;  but  he  was  also  sure  that,  except  with 
such  an  absolutely  automatic  gear,  the  game  was  not  worth  the 
candle.  Sir  William  Armstrong  had  repeatedly  stated  his  opinion 
that  it  was  not  worth  while  in  cranes  to  give  to  the  men  working 
them  the  means  of  varying  the  power  according  to  the  load ;  and  he 
thought  that  was  the   opinion  of  every  one  who  had  had  to  do  with 
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them.  As  a  matter  of  fact,  the  workmen  would  not  alter  the  powers 
in  practice;  the  means  might  be  given,  but  they  would  not  use 
them.  Therefore  he  thought,  if  he  had  a  water-engine  to  put  down, 
unless  an  automatic  arrangement  quite  independent  of  the  workman 
could  be  designed,  he  should  prefer  confining  himself  to  one  or  two 
powers  changed  by  means  of  ordinary  clutches  and  gearing. 

Some  recognition  he  thought  was  due  to  one  author  who  had 
written  largely  on  the  subject  of  utilising  the  water  supply  of  the 
country — the  late  Sir  Eobert  Kane.  He  had  urged  the  matter  for 
many  years,  especially  in  his  well  known  work  on  the  water  supply 
of  Ireland.  The  future  of  hydraulic  engine-work  for  ordinary 
commercial  purposes  was  a  mere  question  of  cost  of  working.  At 
present  there  was  no  doubt  that  the  competition  of  steam — to  say 
nothing  of  gas  engines — rendered  it  necessary  to  apply  hydraulic 
engines  with  considerable  care  and  judgment.  He  thought  Mr.  Davey 
was  devoting  himself  to  the  utilisation  of  hydraulic  pressure  in  a 
direction  which  promised  nothing  but  success ;  while  he  refrained 
from  advancing  too  extended  a  claim  as  to  the  merits  of  hydraulic 
power  for  small  motors. 

Prof.  A.  B.  W.  Kennedy,  referring  to  the  remarks  of  Mr.  Tweddell 
as  to  the  comparative  simplicity  of  different  types  of  engine,  observed 
that  certainly  the  engine  shown  in  Plate  21  had  more  than  one  valve, 
while  the  Brotherhood  engine  had  only  one.  But  although  he  had  a 
great  admiration  for  the  Brotherhood  engine,  and  had  had  occasion  to 
use  a  great  many  of  them,  yet,  if  it  were  proposed  to  use  one  of 
them  for  the  sort  of  work  referred  to  in  the  paper,  and  to  put  it  down 
in  an  inaccessible  place,  or  in  a  place  where,  as  Mr.  Charles  Hawksley 
had  mentioned,  it  might  be  drowned  out,  then  it  would  be  a  question 
between  an  engine  that  had  a  limited  number  of  valves,  and  a 
single-valve  engine  having  a  very  considerable  number  of  connecting- 
rods,  brasses,  and  bearings  of  various  kinds,  which  required  to  be 
more  or  less  looked  after.  In  that  case  he  thought  that,  putting  one 
thing  against  another,  for  large  work  he  should  prefer  to  take  his 
chance  with  valves,  such  as  those  describ^^d  in  the  paper,  having 
some  knowledge  that  they  had  worked  right  and  had  not  got  out  of 
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order,  rather  than  take  his  chance  with  six  connecting-rods  and  six 
pistons,  three  in  the  engine  cylinders  and  three  in  the  pump. 

Mr.  TwEDDELL  said  he  only  recommended  using  the  Brotherhood 
three-cylinder  hydraulic  engine  to  drive  an  ordinary  pump. 

Prof.  A.  B.  W.  Kennedy  observed  that,  if  the  engine  were  not  so 
used,  it  would  be  necessary  to  have  a  crank  and  connecting-rod,  or 
something  of  that  kind,  to  drive  the  pump  from  the  engine :  which 
would  come  to  almost  the  same  thing.  So  that,  from  a  practical 
point  of  view  he  should  be  inclined  to  say  that,  for  heavy  pumping 
work,  and  for  anything  except  on  a  small  scale,  the  pump  described 
in  the  paper  would  be  the  one  far  the  least  likely  to  get  out  of 
order  or  to  give  trouble.  He  thought  some  special  recognition  was 
due  to  an  engineer  of  Mr.  Davey's  standing,  who  laid  before  them  so 
fully  and  so  clearly  all  the  details  of  his  practice,  which,  as  was 
well  known,  was  very  successful. 

Mr.  T.  R.  Crampton  did  not  see  that  any  air-vessels  were  used  in 
the  water-pressure  engines  described  in  the  paper.  Were  they  not 
considered  necessary  ? 

Mr.  Davey  replied  that  air-vessels  were  not  considered  necessary. 
They  were  sometimes  applied ;  but  not  very  often,  because  in  such 
cases  it  would  be  very  difficult  to  keep  them  supplied  with  air  • 
and  of  course  if  they  were  not  kept  supplied  with  air  they  were  of  no 
use  whatever,  and  only  a  source  of  danger.     Again  dip  workinf's  were 

very  confined  places,  and  an  air-vessel  took  up  considerable  room 

often  more  room  than  could  be  conveniently  afforded ;  so  that 
practically  it  was  very  seldom  that  an  air-vessel  was  applied  to  those 
dip-working  engines.  It  would  be  observed  that  the  dip-working 
engine  in  Fig.  2  was  mounted  on  wheels,  running  on  a  railway,  so  as 
to  be  moved  forwards  readily  for  following  the  water  down.  The 
object  there  was  to  keep  the  engine  as  light  and  portable  as  possible, 
and  for  that  reason  air-vessels  would  there  be  objectionable.  What 
was  aimed  at  in  these  engines  was  to  keep  the  fluctuation  of  velocity 
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in  tlio  driving  column  as  small  as  possible ;  and  in  that  way  the 
engines  were  able  to  get  on  very  well,  without  putting  in  large  air- 
vessels,  whicli  would  bo  very  cumbersome.  Speaking  generally,  he 
did  not  approve  of  air-vessels  where  high  pressures  were  employed. 

Mr.  Crampton  enquired  whether,  if  an  air-vessel  were  properly 
applied,  and  could  be  kept  supjdied  with  air,  that  was  not  much 
better  than  other  mechanical  appliances  for  the  same  purpose, 
particularly  with  a  very  great  head. 

Mr.  Davey  replied  that  for  very  great  heads  he  preferred  not  to 
use  air-vessels,  unless  the  main  was  also  of  very  great  length 
horizontally ;  and  that  for  the  reason  he  had  before  mentioned,  that 
in  such  inaccessible  places  the  air-vessels  were  never  attended  to,  and 
in  the  vast  majority  of  cases  it  would  be  found  that  there  was  no  air 
in  them  at  all.  The  men  who  worked  the  engines  often  did  not 
visit  them  more  than  once  in  a  month.  In  itself,  where  it  could  be 
constantly  attended  to,  and  w-here  the  pressure  was  not  great,  an 
air-vessel  was  no  doubt  the  best  form  of  regulator. 

Mr.  Crampton  said  his  own  opinion  was  that  in  the  conditions 
mentioned  by  Mr.  Davey  the  air  could  be  supplied  with  ease  and 
certainty,  even  when  the  engine  was  drowned  out,  the  quantity  of 
air  in  the  air-vessel  being  indicated  at  any  convenient  position^  and 
any  deficiency  made  good  by  simply  turning  on  an  air-tap. 

Mr.  T.  B.  LiGHTFOOT  had  had  experience  some  years  ago  in  the 
designing  of  engines  for  draining  long  dip-workings,  and  the  result 
he  had  arrived  at  was  that  steam  was  a  much  more  economical  motive 
power  than  water  :  chiefly  on  account  of  the  great  expense  attaching 
to  the  length  of  pipe  necessary  to  convey  the  water  to  and  from 
the  engine.  In  the  particular  instance  referred  to,  hydraulic  power 
was  not  put  down,  but  a  small  combined  engine  and  boiler  of  the 
Eobey  or  some  similar  type  was  adopted.  The  valves  described  by 
Mr.  Davey  did  not  strike  him  as  presenting  any  special  novelty ; 
but  they  were  perhaps  as  good  a  modification  of  the  usual  form  as 
could  be  employed. 
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Mr.  Davey,  in  reply,  said  he  thought  Prof.  Kennedy  had  disposed 
of  Mr.  Tvveddell's  first  point,  with  reference  to  the  application  of 
three-cylinder  engines  for  pumping  ;  and  it  only  remained  for  him 
to  speak  on  the  other  objections  raised.  His  great  reason  for  using 
the  peculiar  kind  of  valve  described  in  the  paper  was  the  result  of 
his  experience  with  slide-valves  of  various  descriptions.  In  collieries 
and  mines  generally  the  water  was  not  clean,  and  he  had  never  found 
any  form  of  slide-valve  whatever  that  was  suitable  for  dirty  water 
under  considerable  pressures ;  ^nd  under  the  designation  slide-valve 
he  included  piston-valves,  and  all  valves  with  slidiDg  surfaces.  The 
valves  now  described  were  all  lifting  valves  or  single  mitre-valves,  of 
ordinary  construction  as  far  as  the  opening  and  closing  of  the  valves 
was  concerned ;  and  they  were  less  affected  by  pressure  and  dirty 
water  than  any  valves  he  had  had  experience  of.  His  engines  had 
been  made  originally  with  slide-valves,  and  every  known  material  had 
been  tried  for  those  valves,  but  had  been  found  not  to  succeed. 
According  to  his  experience,  lignum-vitse  slides  working  on  brass 
faces  gave  the  best  results,  and  he  had  also  tried  steel,  gunmetal,  and 
iron ;  but  he  never  found  any  slide-valve  that  would  stand  the  heavy 
pressure  and  dirty  water  to  which  such  engines  were  subjected.  He 
did  not  claim  any  great  novelty  in  the  arrangements,  but,  so  far  as  he 
knew,  he  was  entitled  to  claim  the  credit  of  so  arranging  the  exhaust 
and  pressure  valves  that  they  worked  each  other  automatically,  without 
the  possibility  of  water  slipping  past.  The  valves  tried  and  discarded 
by  Mr.  Tweddell,  must  he  thought  have  been  differently  constructed ; 
he  had  himself  used  the  valve  described  in  the  paper  with  uniform 
success  for  several  years  past,  and  that  valve  he  had  adopted  after 
discarding  piston  and  other  slide-valves. 

As  regarded  Mr.  Tweddell's  remarks  on  rotative  engines,  it  was 
not  intended  in  the  paper  to  include  rotative  engines,  i.e.  engines 
causing  a  rotary  motion,  under  the  term  rotary  engines,  which  meant 
engines  having  themselves  a  rotary,  not  a  reciprocal  motion ;  had  that 
been  so,  he  would  have  condemned  his  own  designs,  seeing  that  he 
had  described  and  advocated  a  rotative  engine  in  the  paper,  p.  258, 
and  Plate  27.  At  the  same  time  he  did  not  consider  rotative 
hydraulic  engines  the  best  suited  for  pumping. 
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Witli  regard  to  Mr.  Liglitfoot's  remarks  as  to  the  comparative  cost 
of  ai)plyiiig  steam  and  hydraulic  power  iu  dip  workings,  hydraulic 
power  was  now  more  generally  used  than  steam  for  two  simple 
reasons  :  first  that  the  heat  from  steam  pipes  generally  brought  down 
the  roof  and  did  much  damage  to  the  workings ;  and  secondly  that  it 
created  a  very  hot  atmosphere  in  a  place  where  there  was  little  or  no 
ventilation,  as  it  was  of  course  more  dilBficult  to  ventilate  dip  workings 
than  any  other  part  of  a  mine. 

The  ground  of  his  bringing  forward  the  various  designs  described 
was  that  they  had  been  applied  and  had  been  found  to  work  efficiently. 
He  considered  it  the  duty  of  members  generally  to  bring  forward  a 
record  of  work  which  had  been  found  to  answer.  He  had  made 
hydraulic  engines  that  had  not  worked  well,  but  those  he  had  not 
brought  forward.  It  might  be  interesting,  referring  to  the  dip  engine 
shown  in  Plates  20  and  21,  to  state  that  the  Secretary  had  handed  him 
a  letter  just  received  from  the  manager  of  the  Griff  Colliery,  who 
wrote  as  follows  : — "  I  can  speak  in  the  highest  terms  as  to  the  success 
of  the  hydraulic  engine  at  the  colliery.  To-day  our  certificated 
manager  reports  the  work  practically  done.  The  dead  water  has  been 
pumped  out,  and  the  feeder  of  water  is  under  perfect  control.  The 
pump  is  now  working  at  11  strokes  per  minute  with  the  8|^  in. 
bucket ;" — in  other  words  the  cylinder  liner  had  been  inserted,  and 
the  smaller  piston  put  on.  He  might  remark,  with  regard  to  the  dead 
water,  that  these  hydraulic  engines  were  being  used  to  un water  an 
old  dip  working  which  had  been  flooded  some  years  ago.  It  had 
previously  been  drained  by  steam  power,  but  the  pumps  had  then 
been  drowned  out,  owing  to  an  accident,  and  at  that  time  it  was  not 
thought  worth  while  to  reopen  that  part  of  the  colliery ;  but  now  it 
had  been  determined  to  unwater  it,  and  to  continue  getting  the  coal 
from  there,  using  the  hydraulic  engines  to  keep  down  the  water. 

The  President  said  the  members  could  not  do  less  than  pass  a 
hearty  vote  of  thanks  to  Mr.  Davey  for  bringing  forward  such  a 
practical  record  of  successful  working.  He  had  given  his  practical 
experience  with  various  water-pressure  engines,  and  the  full  details 
of  their  construction ;  that  was  the  way  in  which  a  paper  ought  to 
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be  prepared  for  a  meeting  of  the  Institution,  and  also  the  right  way 
to  advance  the  improvement  of  machinery  of  all  kinds. 
The  vote  of  thanks  was  passed. 


The  following  paper  was  then  read :- 


26G  April  1880. 


ON   ELECTRIC   LIGHTING. 
(Second  Paper.) 


By  Dr.  JOHN  HOPKINSOX,  F.R.S.,  of  London. 


Dynamo-electric  Machines. — Since  the  date  of  the  author's  former 
paper  in  April  1879,  other  observers  have  published  the  results  of 
experiments  similar  to  those  described  by  him.  It  may  be  well  to 
exhibit  some  of  these  results  reduced  to  the  form  he  has  adopted, 
namely  a  curve,  such  as  that  previously  shown  in  Fig.  4,  Proceedings 
1879,  Plate  29,  and  now  reproduced,  with  slight  alterations,  in  Fig.  1, 
Plate  30.  Here  any  abscissa  represents  a  current  passing  through  the 
dynamo-electric  machine,  and  the  corresponding  ordinate  represents 
the  electromotive  force  of  the  machine  for  a  certain  speed  of  revolution, 
when  that  current  is  passing  through  it.  It  will  be  found  (1)  that  with 
varying  speed  the  ordinate,  or  electromotive  force,  corresponding  to 
any  abscissa  or  current,  is  proportional  to  the  speed  ;  (2)  that  the 
electromotive  force  does  not  increase  indefinitely  with  increasing 
current,  but  that  the  curve  approaches  an  asymptote ;  (3)  that  the 
earlier  part  of  the  curve  is,  roughly  speaking,  a  straight  line,  until 
the  current  attains  a  certain  value,  and  that  at  that  point  the 
electromotive  force  has  reached  about  two-thirds  of  its  maximum 
value.  "When  the  current  is  such  that  the  electromotive  force  is  not 
more  than  two-thirds  of  its  maximum,  a  very  small  change  in  the 
resistance  with  speed  of  engine  constant,  or  in  the  speed  of  the 
engine  with  resistance  constant,  causes  a  great  change  in  the  current. 
For  this  reason  the  greatest  of  these  currents,  which  is  that 
corresponding  to  the  point  where  the  curve  breaks  away  from  a 
straight  line,  and  which  is  the  same  for  all  speeds  of  revolution, 
since  the  curves   for    different    speeds   differ    only  in  the  scale   of 
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ordinatcs,  may  be  called  the  "  critical  current "  of  the  machine. 
The  efifect  of  a  change  of  speed  is  exhibited  in  Fig.  1,  where 
the  lower  dotted  line  represents  the  curve  for  a  speed  of  660 
revolutions  per  minute,  instead  of  720.     The  resistance,  varying  as 

electromotive  force    ^^     -^^  .      ^^^  ^^         ^^  ^-^^  i^^^  qP.      But  since 

current  jo./ 

the  resistance  is  constant,  the  slope  of  this  line  must  be  constant; 
and  it  will  be  seen  that  it  cuts  the  upper  curve  at  a  point 
corresponding  to  a  current  of  15  webers,  and  the  lower  at  a  point 
corresponding  to  a  current  of  5  webers  only. 

In  Germany,  Auerbach  and  Meyer  (Wiedemann's  Annalen,  Nov. 
1879)  have  experimented  fully  on  a  Gramme  machine  at  various 
speeds,  and  with  various  external  resistances.  The  resistance  of  the 
machine  was  0*97  ohms.  Their  results  are  summarised  in  a  Table 
at  the  end  of  their  paper,  which  gives  the  current  passing,  with 
resistances  in  circuit  from  1  •  75  to  200  Siemens  units,  and  at  speeds 
from  20  to  800  revolutions  per  minute.  In  the  accompanying 
diagram.  Fig.  2,  Plate  30,  the  curve  G  expresses  the  relation  between 
electromotive  force  and  current,  as  deduced  from  some  of  their 
observations ;  the  points  marked  are  plotted  from  their  Table, 
making  allowance,  where  necessary,  for  difference  in  speed.  The 
curve,  as  actually  constructed,  is  for  a  speed  of  800  revolutions :  at 
this  speed  it  will  be  seen  that  the  maximum  electromotive  force  is 
about  76  volts ;  and  the  critical  current,  corresponding  to  a  force  of 
about  51  volts,  is  6  •  5  webers,  with  a  total  resistance  of  7  •  8  ohms.  Up 
to  this  point  there  will  be  great  instability,  exactly  as  was  the  case  in 
the  Siemens  machine  examined  by  the  author,  where  the  resistance 
was  4  ohms,  and  the  speed  720  revolutions. 

The  results  of  an  elaborate  series  of  experiments  on  certain 
dynamo-electric  machines  have  recently  been  presented  to  the  Eoyal 
Society  by  Dr.  Siemens.  One  of  the  machines  examined  was  an 
ordinary  medium-sized  machine,  substantially  similar  to  that  tried  by 
the  author  in  1879.  It  is  described  as  having  24  divisions  of  the 
commutator;  336  coils  on  the  armature,  with  a  resistance  of  0*4014 
Siemens  units;  and  512  coils  on  the  magnets,  with  a  resistance 
of    0-3065;   making  a   total   resistance   of  0*7079   Siemens  units 
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=  O'GGS-i  ohms.  The  curve  Sm,  Fig.  2,  gives  the  relation  of 
electromotive  force  and  current,  reduced  to  a  s-pccd  of  700  rev.  i)cr 
minute,  the  actual  speeds  ranging  frcm  450  to  800  rev.  The 
maximum  electromotive  force  appears  to  be  probably  76  volts,  and 
the  critical  current  15  webcrs:  which  is  the  same  as  in  the  author's 
first  experiments  on  a  similar  machine. 

In  the  summer  of  1879  the  author  examined  a  Siemens  machine 
of  the  smallest  size.  This  machine  is  generally  sold  as  an  exciter 
for  their  alternate-current  machine.  It  has  an  internal  resistance  of 
0  •  74  ohms,  of  which  0  •  395  is  in  the  armature  or  helix.  The  machine 
is  marked  to  run  at  1130  rev.  per  min.  The  following  Table  II. 
gives,  for  a  speed  of  1000  rev.,  the  total  resistance,  current, 
electromotive  force,  and  horse-power  developed  as  current.  The 
horse-power  expended  was  not  determined. 


Table  II. — Expekiments   ox   smallest- sized  Siemens 
Dynamo-Electric  Machine. 


Resistance. 

Electric 
Current. 

Electro- 
motive 
Force. 

Horse-power 
developed 
as  current. 

Ohms. 

Webers. 

Volts. 

H.  P. 

2-634 

5-10 

13-2 

0-09 

2*221 

12-15 

27-0 

0-44 

1-9G7 

17-0 

33-6 

0-76 

1-784 

20-4 

36-4 

0-99 

1-668 

22-3 

37-2 

1-11 

1-579 

28-2 

36-6 

1-14 

1-503 

25-6 

39-3 

1-34 

1-440 

27-8 

40-0 

1-49 

1-145 

36-2 

41-5 

2-00 

The  curve  Ss,  Fig.  2,  gives  as  usual  the  relations  of  electromotive 
force  and  current.  From  this  curve  it  will  be  seen  that  the  critical 
current  is   11-2  webers,  and  the  maximum  electromotive  force,  at 
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the  speed  of  1000  rev.,  is  about  42  volts.  The  determinations  for 
this  machine  were  made  in  exactly  the  same  manner  as  in  the 
experiments  on  the  medium-sized  machine,  using  the  galvanometer, 
but  omitting  the  experiment  with  the  calorimeter  (compare  Table  I., 
page  249,  Proceedings  1879). 

The  time  required  to  develop  the  current  in  a  Gramme  machine 
has  been  examined  by  Herwig  (Wiedemann,  June  1879).  He 
established  the  following  facts  for  the  machine  he  examined.  A 
reversed  current,  having  an  electromotive  force  of  0  •  9  Grove  cells, 
sufficed  to  destroy  the  residual  magnetism  of  the  electro-magnets. 
If  the  residual  magnetism  was  as  far  as  possible  reduced,  it  took  a 
much  longer  time  to  get  up  the  current  than  when  the  machine  was 
in  its  usual  state.  A  longer  time  was  required  to  get  up  the  current 
when  the  external  resistance  was  great,  than  when  it  was  small. 
With  ordinary  resistance  the  current  required  from  f  second  to 
1  second  to  attain  its  maximum. 

Brightness  of  the  Electric  Arc. — The  measurement  of  the  light 
emitted  by  an  electric  arc  presents  certain  peculiar  difficulties.  The 
light  itself  is  of  a  different  colour  from  that  of  a  standard  candle,  in 
terms  of  which  it  is  usual  to  express  luminous  intensities.  The 
statement,  without  qualification,  that  a  certain  electric  lamp  and 
machine  give  a  light  of  a  specified  number  of  candles,  is  therefore 
wanting  in  definite  meaning.  A  red  light  cannot  with  propriety  be 
said  to  be  any  particular  multiple  of  a  green  light;  nor  can  one 
light,  which  is  a  mixture  of  colours,  be  said  with  strictness  to  be  a 
multiple  of  another,  unless  the  proportions  of  the  colours  in  the  two 
cases  are  the  same.  Captain  Abney  (Proceedings  of  the  Koyal 
•Society,  7  March  1878,  p.  157]  has  given  the  results  of  measurements 
of  the  red,  blue,  and  actinic  light  of  electric  arcs,  in  terms  of  the 
red,  blue,  and  actinic  light  of  a  standard  candle.  The  fact  that 
the  electric  light  is  a  very  different  mixture  of  rays  from  the  light 
of  gas  or  of  a  candle,  has  long  been  known,  but  has  been  ignored 
in  statements  intended  for  practical  purposes. 

Again,  the  emission  of  rays  from  the  heated  carbons  and  arc  is 
by  no  means  the  same  in  all  directions.      Determinations  have  been 
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made  in  Pjirls  of  the  intensity  in  different  directions,  in  particular 
cases.  If  tlie  mcasnremcnt  is  made  in  a  horizontal  direction,  a  very 
small  obliquity  in  the  crater  of  the  positive  carbon  will  throw  the 
light  much  more  on  one  side  than  on  the  other,  causing  great 
discordance  in  the  results  obtained. 

If  the  electric  light  be  compared  directly  with  a  standard  candle, 
a  dark  chamber  of  great  length  is  needed — a  convenience  not  always 
attainable.  In  the  experiments  made  at  the  South  Foreland  by 
Dr.  Tyndall  and  Mr.  Douglass,  an  intermediate  standard  was 
employed  ;  the  electric  light  was  measured  in  terms  of  a  large  oil 
lamp,  and  this  latter  was  frequently  compared  with  a  standard 
candle. 

Other  engagements  have  prevented  the  author  from  fairly 
attacking  these  difficulties ;  but  since  May  1879  he  has  had  in 
occasional  use  a  photometer  with  which  powerful  lights  can  be 
measured  in  moderate  space.  This  photometer  is  shown  in 
Figs.  3  and  4,  Plate  31,  and  an  enlargement  of  the  field  piece 
in  Fig.  5.  A  convex  lens  A,  of  short  focus,  forms  an  image 
at  B  of  the  powerful  source  of  light  which  it  is  desired  to 
examine.  The  intensity  of  the  light  from  this  image  will  be 
less  than  that  of  the  actual  source  by  a  calculable  amount ; 
and  when  the  distance  of  the  lens  from  the  light  is  suitable, 
the  reduction  is  such  that  the  reduced  light  becomes  comparable 
with  a  candle  or  a  carcel  lamp.  Diaphragms  CC  are  arranged 
in  the  cell  which  contains  the  lens,  to  cut  off  stray  light. 
One  of  these  is  placed  at  the  focus  of  the  lens,  and  has  a  small 
aperture.  It  is  easy  to  see  that  this  diaphragm  will  cut  off  all 
light  entering  from  a  direction  other  than  that  of  the  source  ;  so 
effectually  does  it  do  so,  that  observations  may  be  made  in  broad 
daylight  on  any  source  of  light,  if  a  dark  screen  be  placed  behind 
it.  The  long  box  EE,  Fig.  3,  of  about  7  ft.  length,  is  lined  with 
black  velvet, — the  old-fashioned  dull  velvet,  not  that  now  sold  with  a 
finish,  which  reflects  a  great  deal  of  the  light  incident  at  a  certain 
angle.  This  box  serves  as  a  dark  chamber,  in  which  the  intensity 
of  the  image  formed  by  the  lens  is  compared  with  a  standard  light, 
by  means  of  an  ordinary  Bunsen's  photometer  F,  sliding  on  a 
graduated  bar. 
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Mr.  Dallraeyer  kindly  bad  the  lens  made  for  the  author : 
he  can  therefore  rely  upon  the  accuracy  of  its  curvature  and 
thickness;  it  is  plano-convex,  the  convex  side  being  towards  the 
source  of  light.  The  curvature  is  exactly  1  in.  radius  and  the 
thickness  is  0*04  in. ;  it  is  made  of  Chance's  hard  crown  glass,  of 
which  the  refractive  index  for  the  D  line  in  the  spectrum  is  1*517. 
The  focal  length  /  is  therefore  1*933  inch. 

Let  u  denote  the  distance  of  the  source  of  light  from  the  curved 
surface  of  the  lens,  and  v  the  distance  of  the  image  B  of  the  source 
from  the  posterior  focal  plane.  Neglecting  for  the  moment  loss  by 
reflection  at  the  surface  of  the  glass,  the  intensity  of  the  source  is 

(V  Y  111  uf 

— j  .    But  --  +  —  =  y-,   or  V  =-^;  hence 

the  factor  of  reduction  is  ( —A  *     The   effect    of   absorption    in   so 

small  a  thickness  of  very  pure  glass  may  be  neglected ;  but  the 
reflection  at  the  surfaces  will  cause  a  loss  of  8*3  per  cent.,  which 
must  be  allowed  for.  This  percentage  is  calculated  from  Fresnel's 
formulae,  which  are  certainly  accurate  for  glasses  of  moderate 
refrangibility,  and  for  moderate  angles  of  incidence. 

Suppose,  for  example,  it  is  required  to  measure  a  light  of  8000 
candles ;  if  it  be  placed  at  a  distance  of  40  in.,  it  will  be  reduced  in 
the  ratio  467  to  1,  and  becomes  a  conveniently  measurable  quantity. 
By  transmitting  through  coloured  glasses  both  the  light  from  an 
electric  lamp  and  that  from  the  standard,  a  rough  comparison  may 
be  made  of  the  red  or  green  in  the  electric  light  with  the  red  or 
green  in  the  standard. 

A  dispersive  photometer,  in  which  a  lens  is  used  in  a  somewhat 
similar  manner,  is  described  in  Stevenson's  "  Lighthouse  Illumination; " 
but  in  that  case  the  lens  is  not  used  in  combination  with  a  Bunsen's 
photometer,  nor  with  any  standard  light.  Messrs.  Ayrton  and 
Perry  described  a  dispersive  photometer  with  a  concave  lens  at 
the  meeting  of  the  Physical  Society  on  13th  December  1879 
(Proceedings  Physical  Society,  vol.  iii.,  p.  184).  The  convex  lens 
possesses  however  an  obvious  advantage  in  having  a  real  focus, 
at  which  a  diaphragm  to  cut  off  stray  light  may  be  placed. 
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Efficiency  of  the  Electric  Arc. — To  define  the  electrical  condition 
of  an  electric  arc,  two  quantities  must  be  stated — the  current  passing, 
and  the  difierence  of  electric  potential  at  the  ends  of  the  two  carbons. 
Instead  of  either  one  of  these,  we  may,  if  we  please,  state  the  ratio 

difference  of  potential    ^^^^  ^^^^  -^  ^^^  resistance  of  the  arc,  that  is  to 

current 
say,  the  resistance  which  would  replace  the  arc  without  changing  the 
current.  But  such  a  use  of  the  term  electric  resistance  is  unscientific ; 
for  Ohm's  law,  on  which  the  definition  of  electric  resistance  rests,  is 
quite  untrue  of  the  electric  arc;  while  on  the  other  hand,  for  a 
given  material  of  the  electrodes,  a  given  distance  between  them, 
and  a  given  atmospheric  pressure,  the  difference  of  potential  on 
the  two  sides  of  the  arc  is  approximately  constant.  The  product  of 
the  difference  of  potential  and  the  current  is  of  course  equal  to  the 
work  developed  in  the  arc ;  and  this,  divided  by  the  work  expended 
in  driving  the  machine,  may  be  considered  as  the  efficiency  of  the 
whole  combination.  It  is  a  very  easy  matter  to  measure  these 
quantities.  The  difference  of  potential  on  the  two  sides  of  the  arc 
may  be  measured  by  the  method  given  by  the  author  in  his 
previous  paper,  or  by  an  electrometer,  or  in  other  ways.  The  current 
may  be  measured  by  an  Obach's  galvanometer,  or  by  a  suitable 
electro-dynamometer,  or  best  of  all,  in  the  author's  opinion,  by 
passing  the  whole  current,  on  its  way  to  the  arc,  through  a  very 
small  known  resistance,  which  may  be  regarded  as  a  shunt  for  a 
galvanometer  of  very  high  resistance,  or  to  the  circuit  of  which  a 
very  high  resistance  has  been  added. 

It  appears  that  with  the  ordinary  carbons,  and  at  ordinary 
atmospheric  pressure,  no  arc  can  exist  with  a  less  difference  of 
potential  than  about  20  volts ;  and  that  in  ordinary  work,  with  an  arc 
about  J  in.  long,  the  difference  of  potential  is  from  30  to  50  volts. 
Assuming  the  former  result,  about  20  volts,  for  the  difference  of 
potential,  the  use  of  the  curve  of  electromotive  forces  may  be 
illustrated  by  determining  the  lowest  speed  at  which  a  given 
machine  can  run,  and  yet  be  capable  of  producing  a  short  arc. 
Taking  0  as  the  origin  of  co-ordinates.  Fig.  6,  Plate  31,  set  off  upon 
the  axis  of  ordinates  the  distance  0  A  equal  to  20  volts ;  draw  AB  to 
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intersect  at  B  the  negative  prolongation  of  the  axis  of  abscissae,  so 
that  the  ratio    ?^   may  represent  the  necessary  metallic  resistance 

of  the  circuit.  Through  the  point  B,  thus  obtained,  draw  a  tangent 
to  the  curve,  touching  it  at  C,  and  cutting  OA  in  D.  Then  the 
speed  of  the  machine,  corresponding  to  the  particular  curve 
employed,  must  be  diminished  in  the  ratio  -— ,  in  order  that 
an  exceedingly  small  arc  may  be  just  possible. 

The  curve  may  also  be  employed  to  put  into  a  somewhat  different 
form  the  explanation  given  by  Dr.  Siemens  at  the  Eoyal  Society, 
respecting  the  occasional  instability  of  the  electric  light,  as  produced 
by  ordinary  dynamo-electric  machines.  The  operation  of  all  ordinary 
regulators  is  to  part  the  carbons  when  the  current  is  greater  than  a 
certain  amount,  and  to  close  them  when  it  is  less ;  initially  the 
carbons  are  in  contact.  Through  the  origin  0,  Fig.  7,  Plate  31,  draw 
the  straight  line  OA,  inclined  at  the  angle  representing  the  resistances 
of  the  circuit  other  than  the  arc,  and  meeting  the  curve  at  A.  The 
abscissa  of  the  point  A  represents  the  current  which  will  pass  if  the 
lamp  be  prevented  from  operating.  Let  ON  represent  the  current 
to  which  the  lamp  is  adjusted ;  then  if  the  abscissa  of  A  be  greater 
than  ON,  the  carbons  will  part.  Through  N  draw  the  ordinate 
BN,  meeting  the  curve  in  the  point  B  ;  and  parallel  to  OA  draw  a 
tangent  CD,  touching  the  curve  at  D.  If  the  point  B  is  to  the 
right  of  D,  or  further  from  the  origin,  the  arc  will  persist ;  but  if 
B  is  to  the  left  of  D,  or  nearer  to  the  origin,  the  carbons  will  go  on 
parting,  till  the  current  suddenly  fails  and  the  light  goes  out.  If  B, 
although  to  the  right  of  D,  is  very  near  to  it,  a  very  small  reduction 
in  the  speed  of  the  machine  will  suffice  to  extinguish  the  light. 
Dr.  Siemens  gives  greater  stability  to  the  light  by  exciting  the 
electro-magnets  of  the  machine  by  a  shunt  circuit,  instead  of  by  the 
whole  current. 

The  success  of  burning  more  than  one  regulating  lamp  in  series 
depends  on  the  use  in  the  regulator  of  an  electro-magnet,  excited  by  a 
high-resistance  wire  connecting  the  two  opposed  carbons.  The  force 
of  this  magnet  will  depend  upon  the  difference  of  potential  in  the  arc, 
instead  of  depending,  as   in  the   ordinary  lamp,  upon    the   current 
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passing.  Such  a  shunt  magnet  has  been  employed  in  a  variety  of 
ways.  The  author  has  arranged  it  as  an  attachment  to  an  ordinary 
regulator  ;  the  shunt  magnet  actuates  a  key,  which  short-circuits  the 
magnet  of  the  L^mp  when  the  carbons  are  too  far  parted,  and  so 
causes  them  to  ch)se. 

In  conclusion  the  Author  ventures  to  remind  engineers  of  the 
following  rule  for  determining  the  efficiency  of  any  system  of  electric 
lighting  in  which  the  electric  arc  is  used,  the  arc  being  neither 
excejDtionally  long  nor  exceptionally  short.  Measure  the  difference 
of  potential  of  the  arc,  and  also  the  current  passing  through  it,  in 
volts  and  webers  respectively ;  then  the  product  of  these  quantities, 
divided  *  by  746,  is  the  horse-power  developed  in  that  arc.  It  is 
then  known  that  the  difference  between  the  horse-power  developed 
in  the  arc  and  the  horse-power  expended  to  drive  the  machine 
must  be  absolutely  wasted,  and  has  been  expended  in  heating  either 
the  iron  of  the  machine  or  the  copper  conducting  wires. 


Discussion. 

Mr.  J.  N.  Shoolbred  thought  the  present  paper  showed  the  value  of 
the  method  adopted  by  Dr.  Hopkinson  in  his  first  paper,  for  analysing 
and  representing  his  experiments  ;  inasmuch  as  the  experiments  of 
other  persons,  with  other  machines,  and  also  with  the  Siemens 
machine,  had  been  reduced  on  that  method,  and  could  thus  be 
compared  together.  He  wished  to  refer  to  another  curve.  Fig.  8, 
Plate  30,  which  formed  a  diagram  of  experiments  with  a  Gramme 
machine,  carried  out  last  year,  at  the  India-Rubber,  Gutta-Percha, 
and  Telegraph  "Works  at  Silvertown,  by  Mr.  R.  K.  Gray,  and 
communicated  to  himself  by  that  gentleman.  The  value  of  the  form  of 
giving  results,  which  Dr.  Hopkinson  had  explained  to  the  Institution 
in  his  first  paper,  was  acknowledged  by  Mr.  Gray,  and  his 
experiments  had  in  a  great  measure  been  carried  out  on  the  same 

*  See  additional  explanation  in  discussion,  p.  283. 
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lines.  It  might  therefore  be  interesting  to  lay  them  before  the 
meeting  reduced  to  a  curve  in  the  same  form  that  Dr.  Hopkiuson 
had  adopted  ;  by  that  means  the  results  could  be  compared  of  two 
machines — the  medium-size  Siemens  and  the  A-size  Gramme 
machine — which  were  generally  looked  upon  as  machines  of  pretty 
nearly  equal  efficiency.  He  did  not  know  whether  the  curve  of 
Auerbach  and  Meyer  (G  Fig.  2),  which  was  for  a  Gramme  machine, 
referred  to  the  A  size  of  machine  or  not ;  perhaps  Dr.  Hopkinson  would 
state  this.  With  regard  to  the  diagram,  Fig.  8,  of  the  Silvertown 
experiments,  which  had  been  carried  out  on  23rd  July  of  last  year  on 
machine  No.  368,  he  might  draw  attention  to  the  remarkable  similarity 
of  the  greater  portion  of  it  to  the  curve  shown  by  Dr.  Hopkinson  in 
Fig.  1.  The  larger  amount  of  electromotive  force  which  was  shown 
by  the  Gramme  machine  was  due  no  doubt  to  its  higher  speed — 
1000  revolutions  against  720  with  the  Siemens  machines — as  well  as 
to  the  mode  of  construction  of  the  machine  itself.  The  Thomson 
galvanometer  and  the  resistance  coils  used  were  those  ordinarily 
employed  in  the  frequent  electrical  testing  which  took  place  in  those 
works.*     The  resistance  of  the  machine  when  cold  was  1*09  ohms, 


*  The  following  information  has  been  received  in  a  letter  from  Silvertown 
since  the  date  of  the  meeting : — "  The  results  of  the  tests  made  on  the  A 
Gramme  machine,  No.  368,  to  ascertain  the  electromotive  force  with  different 
interpolar  resistances,  were  obtained  from  the  fall  of  potential  between  two  points 
in  the  closed  circuit,  by  charging  a  condenser  between  these  points  and 
observing  the  discharge  through  a  Thomson's  reflecting  galvanometer :  several 
discharges  being  recorded,  and  the  mean  used  for  calculation.  The  points 
between  which  the  difference  of  potential  was  observed  were  the  brushes  attached 
to  the  ends  of  the  generating  or  armature  coil,  the  resistance  of  which,  as  well 
as  that  of  the  field-magnet  coils  and  interpolar  resistance,  was  measured 
immediately  after  each  experiment  in  order  to  ascertain  the  actual  resistance  of 
the  wire  when  heated  by  the  current.  This  being  of  material  importance, 
especially  when  the  external  resistance  is  sniall,  the  machine  was  allowed  to  run 
fur  some  little  time,  to  let  the  heating  of  the  coils  take  full  effect  and  become 
tolerably  constant.  Knowing  therefore  the  resistance  of  the  field-magnet 
coils  and  interpolar  resistance,  and  also  that  of  the  generating  coil  at  the  time 
when  the  difference  of  potential  between  the  two  brushes  was  measured,  the 
total  electromotive  force  has  been  worked  out  and  expressed  in  volts  by 
comparison  with  the  discharge  from  two  Leclauche  cells,  the  electromotive  force 
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increasing  to  1*17  ohms  at  tlic  termination  of  the  experiments.  The 
results  of  these  experiments  were  presented,  as  worked  out  at 
Silvertown,  in  the  following  Table,  the  form  of  which  was  similar  to 
tliat  adopted  by  Dr.  Ho2)kinson  in  his  paper  last  year  (see  Proceedings 
Inst.  M.E.  1879,  p.  249) :  the  actual  speeds  of  the  experiments  were 
here  reduced  throughout  to  1000  revolutions  per  minute. 

Experiments  on  Gramme  Dynamo-Electric  Macliine,  A  size,  No.  368, 
carried  out  at  Silvertown  23  July  1879.     (Fig.  8,  Plate  30.) 


No.  of 
Experiment. 

Total 
Resistance 
of  Circuit. 

R 

Electric 
Current. 

Q 

Electro- 
motive 
Force. 

E 

Work  measured  per  second. 
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of  a  Leclanche  cell  being  taken  as  1-61  volts.  When  the  interpolar  resistance 
was  over  4  ohms,  it  consisted  of  carbon  rods  0  •  496  inch  diameter  and  19  inches 
long,  joined  up  in  series;  and  for  resistances  less  than  4  ohms,  of  coils  of 
indiarubber-covered  nineteen-strand  copper  wire,  0-155  inch  diameter.  The 
number  of  revolutions  of  the  generating  coil  per  minute  was  taken  by  a 
velocimeter  direct  from  the  spindle  of  the  armature,  so  that  the  niunber  indicated 
could  not  be  affected  by  the  strap  slipping.  Tl:ie  fall  therefore  in  tlie  electromotive 
force  cannot  be  attributed  to  this,  but  is  we  believe  due  to  the  magnetism  of  the 
field  magnets  falling  off  after  the  external  resistance  has  been  reduced  beyond  a 
certain  point ;  and  is  in  effect  somewhat  analogous  to  the  action  in  a  battery  due 
to  polarisation.  This  effect  would  be  produced  in  a  Siemens  machine,  only  when 
the  external  resistance  had  been  still  further  reduced  than  in  the  case  of  the 
Gramme  machine,  since  the  former  has  a  much  lower  resistance  than  the  latter." 
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He  woiiltl  ask  Dr.  Hopklnson  kindly  to  give  some  farther 
explanation  with  regard  to  what  he  called  the  critical  current,  to 
which  it  was  evident  he  attached  great  importance. 

The  subject  of  photometers  and  standards  of  light  was  one  of  great 
importance  for  the  electric  light  and  for  all  large  sources  of  light.  The 
extreme  inconvenience  of  the  methods  which  had  hitherto  been  used, 
with  the  standard  sperm  candle,  had  forced  itself  upon  the  notice  of 
many  observers,  and  had  been  commented  upon  very  ably  by  Mr. 
Preece  a  short  time  back  (Proc.  Society  of  Telegraph  Engineers,  1880, 
p.  162).  A  very  valuable  rule  was  given  in  page  274  of  the  pai)er  as 
to  the  effective  horse-power  developed  in  the  electric  arc :  namely  that 
it  was  the  product  of  the  difference  of  potential  and  of  the  current, 
divided  by  746.  He  would  ask  how  the  divisor  746  was  arrived  at 
as  this  was  a  matter  of  considerable  practical  importance. 

He  might  direct  the  attention  of  members  to  the  very  important 
results  stated  by  Dr.  Siemens  before  the  Eoyal  Society,  and  alluded 
to  in  the  paper,  as  to  his  new  arrangement  for  dividing  the  current 
emanating  from  the  coils,  according  to  the  suggestion  of  Sir  Charles 
Wheatstone.  By  sending  a  portion  of  the  current  back  again  to  the 
exciting  magnet,  and  making  use  of  the  remainder  alone  for  duty  in 
the  electric  arc,  he  obtained  much  greater  regularity  in  the  work 
done,  as  well  as  a  very  sensible  diminution  in  the  destructive  effect 
which  the  machine  exercised  upon  itself.  Those  two  improvements 
would  be  of  very  great  importance  in  future  machines  of  that  kind. 

Mr.  R.  E.  B.  Ckompton  desired  to  point  out  the  practical  effect 
of  the  two  very  different  curves  given  by  the  two  classes  of  machines 
that  were  so  commonly  brought  into  rivalry,  namely  the  A  Gramme 
and  the  Siemens  medium  machine,  which  in  Fig.  2,  Plate  30,  were 
represented  by  the  curves  G  and  Sm  respectively.  The  A  Gramme 
machine,  it  would  be  seen,  had  very  high  electromotive  force, 
and  much  the  best  current  of  the  two.  The  consequence  was  it 
could  be  practically  used  \\ith  a  much  thinner  leading  wire,  and  the 
cost  of  the  cables  was  thus  greatly  reduced.  But  against  this 
must  be  set  the  fact  that  the  lamps  could  not  be  kept  burning  steadily 
with  so  short  an  arc  as  in  the  Siemens  machine.     Now  the  length  of 
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tlio  arc  was  tlic  one  tiling  wliicli  ruled  the  question,  wlietlier  the 
electric  light  would  become  po2)ular  or  not.  A  long  arc  invariably 
disgusted  everybody  who  had  been  accustomed  to  a  white  light ;  it 
varied  constantly  from  purple  to  violet,  and  assumed  all  kinds  of 
ghastly  colours.  In  a  manufactory  this  was  not  so  important ; 
moreover  with  a  long  arc  there  was  not  the  same  fear  of  destroying 
the  insulation  of  the  machine.  As  engine-drivers  were  sometimes 
incautious,  and  governors  not  very  good,  and  as  a  long  arc,  though 
not  giving  so  stable  a  light,  left  greater  margin  for  variations  in 
speed,  without  risk  of  damaging  any  part  of  the  apparatus,  it  was 
better  to  use  the  longer  arc  wherever  the  light  was  employed  simply 
as  an  adjunct  to  a  factory.  He  believed  he  was  right  in  saying  that, 
with  the  short  arc  used  in  the  Siemens  machine,  much  more  careful 
attention  had  to  be  given  to  the  regulation  of  the  lamp,  and  workmen 
of  a  higher  class  had  to  be  employed  on  the  machine. 

If  Dr.  Hopkinson's  diagram,  Fig.  6,  Plato  31,  was  correct,  as  no 
doubt  it  was,  the  problem  was  solved  which  had  perplexed  him  for 
a  long  time,  namely  to  find  out  the  point  at  which  to  regulate  the 
lamps  in  order  to  get  stability  of  light.  But  Mr.  Shoolbred  had  set 
before  them  another  curve,  Fig.  8,  Plate  30,  to  which,  owing  to  the 
inflection  at  the  upper  part,  he  found  it  rather  difficult  to  apply 
the  method  shown  in  the  diagram.  Fig.  6.  It  appeared  to  him  that 
there  would  be  two  regions  of  instability  in  that  diagram;  and  in 
that  case  a  lamp  could  never  be  got  to  burn  steadily.  He  thought 
the  apparent  fall  in  the  electromotive  force,  after  attaining  its 
maximum,  must  be  due  to  some  mistake. 

The  next  point  to  which  he  wished  to  call  attention  was  the 
photometer.  Nothing  could  really  be  done  with  the  electric  light 
without  a  good  photometer,  as  everybody  connected  with  it  would 
admit.  What  was  wanted  however  was  not  a  photometer  to  be  used  like 
a  telescope  in  a  horizontal  direction  only,  but  something  to  measure 
the  light  as  it  fell  in  practice  upon  books  or  papers,  generally  at  a 
considerable  angle,  say  60°  from  the  vertical.  The  lamps  were  put  up 
as  high  as  possible,  and  were  generally  spaced  at  such  a  distance  apart 
that  the  light  fell  at  somewhere  about  that  angle.  But  the  photometer 
described  in   the   paper  could  not  be  turned  upwards  at  such   an 
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angle,  to  shoot  the  light  down  into  the  standard  candle,  because  the 
flame  of  the  candle  would  keep  perpendicular,  and  every  time  the 
angle  was  altered  the  distance  would  also  be  altered  between  the 
centre  of  the  candle  flame  and  the  photometer  slide.  In  practice 
what  was  wanted  was  an  instrument  for  rough  measurement  only, 
which  could  be  taken  into  a  railway  station,  and  enable  an  opinion  to 
be  formed  as  to  whether  there  was  sufficient  light  to  suit  people. 
With  this  object  he  proposed  to  divide  the  light  into  a  certain 
number  of  standards,  say  three.  The  first  would  be  the  best  for 
artists,  engravers,  or  fine  work  of  any  kind ;  the  second  standard 
would  be  such  as  was  required  for  railway  stations  and  large  buildings 
of  that  class ;  and  the  third  for  outdoor  work,  such  as  contractors' 
excavations.  Each  standard  might  be  represented  by  the  angular 
distance  of  a  standard  candle  from  a  plane  surface  placed  below  it  at 
the  ordinary  angle.  He  had  designed  a  photometer  to  work  on 
that  principle,  as  shown  in  Figs.  9  and  10,  Plate  32.  It  consisted 
of  a  stereoscope  A,  in  which,  in  place  of  the  usual  slide,  was  fitted  a 
slide  B  formed  of  blotting-paper  ruled  with  fine  lines  of  spermaceti 
or  oil.  A  lamp  C,  of  which  the  flame  could  be  raised  or  lowered, 
was  placed  behind  the  slide,  and  threw  a  strong  light  on  its  under 
surface.  The  two  lights  to  be  compared  reached  the  upper  surface 
of  the  slide  through  the  telescopic  tubes  D  E.  The  photometer 
being  placed  on  its  tripod  stand  was  swung  round,  and  the  two  tubes, 
which  were  hinged  at  H,  were  raised  at  an  angle  by  an  adjusting 
screw,  until  the  light  to  be  observed  was  directed  fairly  uj)on  the 
slide  through  the  tube  E.  The  back  light  C  was  then  increased  or 
diminished  until  it  balanced  the  observed  light :  this  was  ascertained 
by  noticing  the  point  at  which  the  oiled  lines  on  the  slide  changed 
from  dark  to  light.  The  standard  candle  or  lamp  F  in  the  other 
telescopic  tube  D  was  then  moved  in  or  out  until  its  light  also 
balanced  that  of  the  back  lamp  C.  The  intensities  of  the  standard 
light  and  of  the  observed  light  were  then  equal,  and  their  distances 
from  the  centre  diaphragm  of  the  stereoscope  could  be  measured  and 
compared.  Or  the  standard  light  might  first  be  balanced  with  the 
back  lamp,  and  the  photometer  moved  bodily  nearer  or  further  from 
the  observed  light,  until  this  also  balanced  the  back  lamp  as  before. 
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If  tlio  first  standard  were  rcprcHentcd  by  the  llglit  of  a  standard 
candle  placed  1  foot  from  the  surface  of  tlie  slide,  then  the  horizontal 
distance  of  the  photometer  from  a  plumb  line  let  fall  from  the 
observed  light  would  be  the  radius  of  the  circle  which  would  be 
illuminated  by  the  observed  light  up  to  that  standard.  In  this 
photometer,  as  the  observer  looked  simultaneously  and  directly  at  the 
surfaces  illuminated  by  the  two  lights,  their  difference  could  be 
observed  more  accurately  than  where  a  Bunsen  diaphragm  was  used, 
which  must  be  observed  either  by  inclined  reflectors  or  by  prisms. 
In  either  case  light  was  lost,  and  error  thus  crept  in.  Except  as  to 
colour,  which  was  a  difficulty  not  easily  got  over,  a  very  good 
approximation  could  be  obtained  by  the  method  he  had  described. 
Dr.  Hopkinson  seemed  to  consider  it  inaccurate  to  speak  of  comparative 
measurements  of  the  electric  light  and  other  lights,  because  of  the 
difference  in  the  colours ;  but  he  did  not  see  how  that  difficulty  could 
be  overcome.  If  electric  light  and  gaslight  were  to  be  used,  they 
must'  be  brought  into  comparison  somehow,  and  the  light  must  be 
judged  of  by  the  power  it  gave  of  distinguishing  small  objects.  For 
such  a  purpose  he  thought  the  photometer  which  he  proposed  was 
sufficiently  good. 

With  regard  to  the  paragraph  in  the  paper,  p.  273,  which  referred 
to  burning  regulating  lamps  in  series,  the  easiest  way  of  doing  that 
%Yas  simply  to  wind  the  lamp  electro-magnets  with  fine  wire  outside 
the  ordinary  wire,  and  pass  a  shunt  current  through  this  fine  wire 
in  the  opposite  direction  to  the  arc  current.  The  fine  wire  fitted 
nicely  between  the  coils  of  the  large  wire,  and  made  a  very  neat 
job,  with  very  slight  extra  expense  for  the  lamp. 

Mr.  W.  H.  Preece  said  Mr.  Crompton's  remarks  on  photometers 
induced  him  to  bring  before  the  notice  of  the  meeting  some  experiments 
that  he  had  recently  been  making  in  photometry.  The  great  difficulty 
in  all  these  measurements  was  that  pointed  out  in  the  paper,  namely 
the  difference  in  the  colour  of  the  lights.  The  great  desideratum 
therefore  was  a  photometer  which  would  be  independent  of  colour. 
Neither  Dr.  Hopkinson  nor  Mr.  Crompton  had  got  over  the  difficulty ; 
but  some  assistance  might  be  obtained  from  one  of  the  very  first 
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principles  ever  introduced  into  pliotomctry.  It  was  introduced  by  a 
French  physicist  of  the  name  of  Bouguet,  wlio  was  very  little  known, 
and  who  lived  some  100  years  ago.  He  showed  how  it  was  possible  to 
measure  light  to  a  certain  extent  independently  of  colour.  Take  the 
case  of  a  rope  hanging  near  a  wall,  with  two  equal  lights,  one  directly 
in  front  of  it,  and  the  other  at  one  side.  The  rope  threw  a  shadow 
upon  the  wall  from  each  light,  and  it  would  be  seen  at  once  that  the 
intensity  of  the  shadow  from  the  side  light  was  very  much  less  than 
the  intensity  of  that  from  the  central  light :  and  if  it  were  possible  to 
move  the  central  light  nearer,  there  would  be  found  a  point  where  the 
side  shadow  would  disappear  entirely.  When  that  point  was  reached, 
the  ratio  of  the  squares  of  the  distances  of  the  two  lights  from  the  wall 
would  be  the  ratio  of  their  intensities  measured  at  the  wall.  If,  instead 
of  the  wall  and  the  two  lights,  a  white  surface,  such  as  a  sheet  of 
paper,  was  used,  and  a  standard  candle  or  a  London  Argand  burner, 
which  he  believed  to  be  the  best  standard  burner,  then  the  apparatus 
might  be  taken  to  any  part  of  a  room  illumined  by  an  electric  light, 
and  the  intensity  of  the  light  at  that  place  might  be  ascertained.  The 
important  thing  to  know  was,  not  the  intensity  of  the  light  up  at  the 
ceiling,  but  the  intensity  down  on  the  floor,  where  people  sat.  For 
measuring  the  lighting  of  a  room  or  a  railway  station,  a  white  disc 
could  be  placed  against  the  wall,  with  a  small  copper  rod  to  throw  a 
shadow  upon  the  disc  from  a  moveable  standard  lamp;  then  verj- 
little  adjustment  of  the  lamp  would  enable  the  point  to  be  found  where 
that  shadow  disappeared,  whence  a  relation  could  be  obtained  between 
the  standard  lamp  and  the  light  used  in  the  room.  He  had  been 
experimenting  on  this  method  with  very  satisfactory  results ;  but  he 
was  not  quite  sure  that  the  principle  worked  perfectly  true,  i.e.  tbat 
the  shadow  actually  did  disappear,  although  to  the  eye  it  practically 
seemed  to  disappear.  Even  that  kind  of  photometer  was  not 
independent  of  one  great  cause  of  the  variations  which  existed  in  the 
measurements  of  light,  namely  the  want  of  uniformity  in  the  human 
eye.  Thus,  if  several  measurements  of  the  same  light  were  taken  by 
different  observers,  it  would  be  found  that  they  all  differed  by  a  very 
considerable  amount ;  in  fact  he  had  known  careful  measurements 
of  the  same  light,  made  by  different  people,  which  varied  between 
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250  candles  and  1200  candles.  Sucli  a  result  showed  in  the  first  place 
that  the  apjiaratus  now  used  for  measuring  light  was  very  imperfect ; 
and  secondly  that  it  was  used  by  means  of  another  instrument,  the 
human  eye,  which  was  also  imperfect. 

Mr.  John  Perky,  referring  to  tlie  statement  on  p.  271,  with  regard 
to  the  photometer  used  by  Professor  Ayrton  and  himself  having  a 
concave  lens,  said  that  of  course  they  had  known  that  a  convex  len& 
would  serve  quite  as  well  for  the  purpose  required,  which  was  to  get 
a  very  divergent  cone  of  rays  from  a  very  small  pencil  of  light.  A 
concave  or  a  convex  lens  might  be  used  for  that  purpose,  and  he  did  not 
see  that  there  could  be  very  much  difference  in  the  accuracy  of  the 
divergence;  but  they  had  chosen  a  concave  lens,  because  it  was 
thinner,  and  therefore  there  would  be  less  absorption  of  light  by  the 
glass.  Dr.  Hopkinson  however  was  in  a  much  better  position  to  say 
what  the  absorption  would  be  than  Mr.  Ayrton  and  himself.  With 
the  concave  lens  the  instrument  was  also  shorter,  by  just  twice  the 
focal  length. 

"With  regard  to  the  measurement  of  light  in  various  directions, 
that  form  of  photometer  could  be  easily  arranged  for  any  other 
direction  than  horizontal.  It  would  simply  be  necessary  to  change 
the  relative  inclination  of  the  two  parts  of  the  instrument,  so  that  the 
screen  which  was  illuminated  by  the  standard  candle  still  remained 
vertical,  while  the  screen  which  was  illuminated  by  the  rays  from  the 
source  of  light  was  placed  at  right  angles  to  the  direction  of  those 
rays,  whatever  that  direction  might  be. 

Mr.  KiLLiNGWOKTH  Hedges  hopcd  on  another  occasion  to  describe 
some  experiments  he  had  lately  been  making  on  carbons.  He  quite 
agreed  with  Mr.  Crompton,  that  very  often,  although  a  short  arc 
was  the  best,  engineers  were  obliged  to  use  a  long  one :  and  the  only 
way  of  getting  over  the  difficulty  of  colour  was  to  prepare  the  carbons, 
either  by  coating  them,  or  by  mixing  some  substance  with  them, 
which,  becoming  incandescent,  would  give  out  rays  that  would 
neutralise,  to  a  large  extent,  the  blue  colour  considered  so 
objectionable. 
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Dr.  HoPKiNSON  tliouglit  tlio  inflection  at  the  top  of  the  curve  in 
Fig.  8,  Plate  30,  must  be  due  to  some  uncorrected  error  of  observation, 
which  might  easily  remain  undetected  owing  to  the  small  number  of 
experiments  recorded  ;  he  did  not  think  it  was  physically  possible  that 
the  curve  should  have  that  form  with  a  constant  speed  of  rotation. 

In  reference  to  the  size  of  the  Gramme  machine  used  by  Auerbach 
and  Meyer  for  the  experiments  shown  in  the  curve  G,  Fig.  2,  they 
had  not  described  it  as  an  A  or  a  B  machine,  but  had  stated  its 
electrical  resistance  as  0*97  ohm.  That  j)robably  would  be  the  best 
description  of  the  machine,  with  a  view  of  comparing  it  with  any 
other  Gramme  machine.  As  to  the  critical  current,  what  he  had 
written  really  amounted  simply  to  this :  that,  roughly  speaking,  the 
curve  showing  the  connection  between  the  electromotive  force  and 
the  current  rose  approximately  in  a  straight  line  at  first,  and  then 
curved  off,  as  far  as  he  could  judge,  towards  a  horizontal  asymptote, 
the  straight  line  continuing  to  about  two-thirds  of  the  height  of  the 
horizontal  asymptote.  He  thought  therefore  it  was  convenient,  in 
describing  the  machine,  to  take  the  current  which  he  had  called  the 
critical  current  as  the  definition  of  the  distance  to  which  the  curve 
ran  in  a  straight  line  before  it  became  curved.  Practically  the  current 
was  unstable  whenever  it  was  below  that  point. 

With  respect  to  the  factor  746,  given  on  p.  274,  the  product  of 
difference  of  potential  and  current  was  power,  which  could  of  course 
be  given  as  so  many  foot-pounds  per  minute ;  but  the  number  that 
was  got  by  multiplying  webers  and  volts  together  did  not  give  the 
power  in  foot-pounds,  and  it  required  a  factor  to  reduce  the  one  to 
the  other,  just  as  it  required  a  factor  to  reduce  gramme-centimetres, 
or  any  other  measure  of  power,  to  foot-pounds.  The  factor  in  this 
case  happened  to  be  746,  as  would  be  seen  by  referring  to  Everett, 
"Units  and  Physical  Constants."  The  product  of  a  weber  and  a 
volt  was  10"  ergs  per  second  (p.  138),  whilst  a  horse-power  was 
7*46  X  10^  =  746  x  10"  ergs  per  second  (p.  25);  hence  the  rule 
given. 

With  regard  to  Mr.  Crompton's  remark  on  the  comparison  of  the 
A  Gramme  machine,  curve  G,  Fig.  2,  with  the  Siemens  medium-sized 
machine,  curve  Sm,  Fig.  2,  he  thought  the  fact  really  was  that  the 

2  A  2 


284  ELECTRIC    LIGHTING.  AiMtir.  18H0. 

Gramme  was  to  till  iiitcuts  and  2)urposcs  very  mucli  the  smaller 
inacliinc  of  tlic  two — a  maeliiiic  of  eonsiderably  liiglier  resistance,  and 
of  about  tlic  same  electromotive  force,  or  perhaps  a  little  less,  with 
the  same  speed  of  rotation.  If  that  medium-sized  Siemens  machine 
were  wound  with  a  larger  number  of  coils,  so  as  to  have  a  resistance 
the  same  as  the  Gramme  machine,  its  curve  Sm  would  be  altered.  In 
the  first  place,  all  the  ordinates  would  be  higher,  and  the  curve  would 
therefore  approach  a  higher  asymptote.  In  the  second  place,  owing 
to  the  winding  of  the  magnets  with  a  larger  number  of  coils,  the 
whole  curve  would  be  made  steeper,  the  electromotive  force  rising 
more  rapidly  in  proportion  to  the  current.  Thus  on  the  whole  the 
curve  would  rise  more  quickly  towards  a  greater  ultimate  height ; 
and  the  consequence  would  be  that  in  the  angle  at  which  it  rose  it 
would  approximate  to  the  curve  G  of  the  Gramme  machine,  but  it 
would  rise  to  a  greater  height.  The  medium-sized  Siemens  machine 
was  really  a  machine  of  greater  power  than  the  A  Gramme  machine. 
To  drive  it  with  its  ordinary  currents  he  felt  pretty  confident 
required  higher  horse-power;  and  consequently  a  larger  amount  of 
energy  could  be  actually  devoted  to  the  arc  with  the  medium  Siemens 
machine  than  with  the  A  Gramme  machine. 

He  had  had  some  experience  with  the  Siemens  machine ;  he  had 
it  working  in  the  hands  of  a  mere  labourer,  who  had  charge  of  the 
engine  that  drove  it,  and  had  no  trouble  with  it  Vvhatever  ;  but  he 
had  taken  very  great  care  to  have  the  engine  thoroughly  well 
governed  before  starting.  He  believed  that  the  bad  governing  of 
engines  was  the  cause  of  half  the  trouble  exj)erienced  with  that,  or 
with  any  other  electric  light. 

With  regard  to  the  photometer,  he  did  not  think  there  was  any 
serious  difficulty  in  adapting  it  to  measure  light  at  an  angle,  by  means 
either  of  a  plain  mirror  or  of  a  small  reflecting  prism,  for  either  of 
which  the  correction  for  reflection  and  absorption  could  be  ascertained. 
The  mirror  or  prism  could  be  placed  so  as  to  reflect  the  light  into 
the  photometer  opposite  the  focus  of  the  lens ;  and  j^erhaps  the  lens 
might  be  made  like  the  lens  of  a  stereoscope,  which  was  sometimes  of 
prismoidal  form. 
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In  reference  to  the  question  how  tlic  electric  liglit  was  to  bo 
described  if  not  in  standard  candles,  be  would  propose  simi)ly  to  say 
that  a  given  electric  light  contained  so  many  times  as  much  of  a 
given  kind  of  red  or  blue  light  as  a  standard  candle.  When  light 
\ras  spoken  of  as  given  by  an  electric  lamp  or  by  a  candle,  the  same 
word  was  applied  to  two  different  things  which  could  not  be  correctly 
compared  with  each  other. 

With  regard  to  Mr.  Preece's  shadow  photometer,  he  did  not  think 
that  it  was  entirely  independent  of  colour.  Though  probably  for  any 
one  observer  it  would  be  so,  it  seemed  to  him  exceedingly  probable 
that  different  observers  would  obtain  different  comparative  results. 
With  regard  to  the  convex  and  concave  lens  mentioned  by  Mr.  Perry, 
he  did  not  think  the  absorption,  in  a  lens  of  the  thickness  required 
in  either  case,  was  any  sensible  quantity;  and  for  that  reason  he 
still  thought  that  the  best  plan  was  to  adopt  a  convex  lens,  so 
as  to  be  able  to  put  in  a  diaphragm  at  the  proper  place,  and  cut  off 
all  stray  light. 

The  Peesidext  proposed  a  vote  of  thanks  to  Dr.  Hopkinson  for 
his  paper,  which  was  carried  by  acclamation. 


The  President  proposed  a  vote  of  thanks  to  the  Institution  of 
Civil  Engineers  for  their  kindness  in  allowing  the  members  the  use 
of  their  room. 

The  motion  was  carried  unanimously. 


The  Meeting]:  then  terminated. 
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ON    THE    MANUFACTURE    OF    STEEL, 
AND  THE  MODE  OF  WORKING  IT. 

By  D.  CHERNOFF. 

(Bead  before  the  Imperial  Russian  Technical  Society,  April  and  May,  1868.) 


Translated  ly  Mr.  William  Anderson,  of  Erith, 
and    reprinted    by    the    authority    op   the    council. 


Steel,  as  generally  -used  in  the  arts,  is  a  combination  of  iron  and 
carbon.  The  purer  these  elements  in  steel,  the  higher  are  its 
qualities.  The  best  steel  that  has  ever  been  made  in  any  age  or 
country  is,  without  question,  *boulat'  (the  sabre  steel  of  the 
Tartars).  The  special  qualities  of  'boulat,'  and  especially  the 
markings  appearing  on  its  surface,  have  sent  many  investigators  on 
a  wrong  scent ;  all  thought  to  find  the  extraordinary  qualities  of 
this  steel  in  some  special  mixtures.  Careful  analyses  have  been 
made,  but,  to  the  surprise  of  all,  nothing  has  been  found  competent 
to  explain  the  presence  of  the  characteristic  veining.  Inasmuch  as 
the  veining  of  '  boulat'  is  closely  connected  with  its  quality,  it  was 
attempted  to  find  substances  which,  being  melted  with  the  steel, 
would  produce  the  markings  required.  Steel  was  melted  with 
various  metals,  with  platinum,  silver,  and  so  on,  and  veinings 
were,  no  doubt,  produced ;  but  in  the  first  place,  they  were  far  from 
having  the  same  regularity  and  beauty,  and  secondly,  as  well  as 
chiefly,  the  steel  produced  was  always  inferior  to  *  boulat.'  The 
peculiarity  of  the  veining  of  '  boulat'  lies  also  in  this,  that  if  you 
heat  a  good  specimen  of  the  steel  with  clearly-marked  veining  to 
a  bright  red  heat,  and  then  allow  it  to  cool,  it  will  be  impossible 
to  restore  the  markings,  no  matter  how  long  you  treat  the  surfaces 
with  acid.  The  veining,  on  the  other  hand,  produced  by  the 
mixture  of  metals  never  disappears,  however  much  the  steel  may 
be  heated.     But  if  the  piece  of  '  boulat '  in  which  the  veining  has 
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disappeared  be  melted  again,  then,  if  certain  conditions  in  the 
cooling  of  the  ingot  are  observed,  the  vcining  appears  again, 
though  of  a  somewhat  different  design ;  and  in  this  manner  it  is 
possible  to  produce  or  annihilate  the  pattern  several  times.  The 
investigations  of  Anosoff  have  clearly  shown  that  the  problem  is 
solved  in  the  purity  of  the  steel,  and  he  has  succeeded,  as  is  well 
known,  in  producing  the  very  highest  qualities  of  Eastern  '  boulat.* 

On  a  former  occasion  I  spoke  of  the  observations  I  had  made  on 
the  ribbons  of  dead  tint  observable  on  the  surfaces  of  steel  guns 
in  the  lathe.  By  means  of  careful  daily  records  of  the  forging 
of  the  gun  ingots,  I  found  that  these  tints  appeared  in  the 
boundaries  between  the  hot  and  the  cold  portions  of  the  ingot 
being  forged ;  that  is  to  say,  always  at  those  points  up  to  which  the 
ingot  was  pushed  into  the  furnace.  The  position  and  appearance 
of  the  strips  of  dead  tint  always  coincided  with  the  position  and 
form  of  the  limit  of  heating.  If  a  spot  so  noted  by  me  was 
afterwards  reheated,  then  the  ribbon  of  dead  tint  no  longer  appeared 
after  turning  in  the  lathe.  Besides  this,  some  of  these  ribbons 
would  disappear  as  a  greater  or  less  thickness  of  metal  was  turned 
off;  others  penetrated  right  through  the  mass  of  the  gun,  and 
never  disappeared. 

It  is  further  remarkable,  that  although,  at  times,  the  transition 
from  the  heated  to  the  cold  portion  of  the  ingot  was  so  gradual 
that  it  was  impossible  to  assign  any  limit,  yet  the  ribbon  of  dead 
tint  developed  by  the  turning  of  the  surface  of  gun,  and 
corresponding  to  the  above  ill-defined  limit  of  heating,  was  so 
clearly  marked,  that  it  was  easy  to  trace  its  boundaries  with  a 
pencil  on  the  surface  of  the  gun.     It  must  be  remarked  also  that 


the  ribbon  has  only  one  well-defined  margin,  that  which  was 
turned  towards  the  cold  end  of  the  ingot ;  the  other  margin  is 
shaded  off  imperceptibly  into  the  normal  tint  a  of  the  steel. 
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"Wishing  to  investigate  the  effects  of  the  steam  hammer  on  the 
structnro  of  steel,  I  lieatcd  a  4  J -inch  ingot  to  a  bright  red  colour, 
and  subjected  it  to  two  heavy  blows  of  a  5-ton  hammer,  so  that 
one-third  the  length  was  not  touched  at  all,  the  second  third  was 
flattened  to  3  inches,  and  the  last  received  two  cross  blows,  under 
each  of  which  there  was  a  compression  of  at  least  Ij  inch.  The 
ingot  was  then  left  to  cool  in  the  open  air,  and  on  being  broken  it 
was  found  that  the  appearance  of  the  structure  Of  each  of  the  three 
sections  remained  identical,  not  only  to  the  naked  eye,  but  to  the 
most  careful  microscopical  examination. 

I  have  also  drawn  attention  to  the  circumstance  that,  on  one 
occasion,  when  experimenting  on  the  influence  of  the  temperature 
to  which  steel  was  heated  on  its  hardness  in  tempering,  I 
ordered  a  smith  to  heat  a  piece  of  'steel  to  dull  red,  but  he,  by 
mistake,  heated  it  bright  red.  Wishing  to  rectify  the  error,  I  did 
not  at  once  plunge  the  steel  into  water,  but  let  it  first  cool  down 
to  dull  red,  and  then  immersed  it.  Although  the  steel  was  of  a 
quality  capable  of  extreme  hardness  in  tempering,  the  immersion 
not  only  did  not  make  it  hard,  but  actually  made  it  sensibly 
softer.  I  have  recalled  the  above  circumstances  because,  in 
connection  with  many  others,  they  induced  me  to  investigate  the 
influence  of  temperature  on  steel,  and  formed  points  of  departure 
for  my  researches.  Space  will  not  allow  of  my  describing  my 
experiments  in  detail.  I  must  content  myself  with  stating  the 
conclusions  to  which  I  have  arrived. 

If  steel  melted  in  a  crucible  is  constantly  kept  in  violent 
agitation  while  cooling,  agitation  violent  enough  to  keep  all  its 
particles  in  motion,  then  the  cold  ingot  produced  will  have  a  very 
finely  crystallised  structure  ;  if,  on  the  other  hand,  the  melted  steel 
is  allowed  to  cool  in  perfect  quiet,  then  the  resulting  casting  will 
consist  of  large  well-developed  crystals.  The  appearance  of  these 
crystals,  and  generally  the  tendency  to  crystallise  under  these 
circumstances,  will  depend  on  the  purity  of  the  steel.  As  I  have 
already  stated,  the  ultimate  purity  of  the  steel  consists  in  that 
of  its  two  component  elements,  iron  and  carbon,  and  the  best  steel 
is  composed  of  only  these  two  elements. 
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With  reference  to  other  elements,  the  presence  of  which  is 
supposed  to  influence  the  quality  of  steel,  it  is  impossible  to  avoid 
mentioning  the  opinion  of  Fremy,  who  considers  nitrogen  so 
essential,  not  only  to  the  formation,  but  to  the  very  existence  of 
steel,  that  he  has  laid  down  the  proposition  that  "  if  the  nitrogen 
is  taken  away  from  steel  it  will  cease  to  be  steel "  ("  Comptes 
rendus,"  vol.  LII.,  April,  1861);  and  the  supporters  of  this  theory 
go  further,  and  affirm  that  steel  is  a  union  of  iron  with  cyanogen, 
which  can  even  be  seen  burning  with  a  violet  flame  during 
the  process  of  casting  steel !  However,  up  to  the  present  time 
(1868),  the  most  careful  researches  of  Caron,  Marchand,  Biot, 
Boussingault,  Eammelsberg,  and  others,  have  not  confirmed  the 
assertions  of  Fremy ;  for  on  the  one  hand,  nitrogen  is  found  also 
in  soft  wrought  iron  and  in  cast  iron,  and  on  the  other,  the  quantity 
of  nitrogen  found  in  steel  is  very  variable,  and  bears  no  fixed 
relation  to  the  quantity  of  carbon ;  and  furthermore,  it  exists  in 
such  small  quantities  as  to  be  less  than  a  tenth  part  of  the  carbon. 
For  instance,  Bussetigol  found  0-00057  part  of  nitrogen  in  cast 
steel,  and  0*  00124  part  in  soft  wi'ought  iron  ("  Comptes  rendus," 
vol.  LII.,  p.  1251).  On  another  occasion,  he  found  in  Krupp  steel 
0  •  00022  part  of  nitrogen,  and  in  soft  wrought  iron  and  in  cast 
steel,  0-00067  each  ("  Comptes  rendus,"  vol.  LIIL,  p.  9). 

With  reference  to  the  influence  of  different  metals  on  the  quality 
of  steel,  it  is  necessary  to  state  that  some  of  them  communicate  a 
particular  colour,  some  diminish  the  tendency  to  rust,  and  others, 
displacing  the  carbon,  enable  the  steel  to  acquire  very  great 
hardness  in  tempering,  and  so  on ;  but  the  greater  number  of 
substances  combined  with  steel,  even  in  the  most  insignificant 
proportions,  very  considerably  lower  its  quality. 

For  example,  the  malleability  of  steel,  being  in  direct  relation 
to  the  quantity  of  carbon  contained  in  it,  is  materially  lowered  by 
the  presence  of  foreign  substances.  Bessemer  steel  No.  1, 
containing  2  per  cent,  of  carbon,  is  hardly  malleable  (Boman,  "  Das. 
Bessemem  in  Schweden,"  1864);  whereas,  according  to  Anosoff, 
pure  steel  retains  its  malleability  with  3  per  cent,  of  carbon, 
forming  the  hardest '  boulat.'     Speaking  generally,  all  the  eftbrts  of 
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metallurgists  to  obtain  tlie  liigliest  qualities  of  steel  should  be 
(lirected  to  separating  impurities  from  the  raw  materials,  so  that 
the  produce  of  their  operations  should  be  a  combination  of  iron 
and  carbon ;  and  all  the  specifics  and  nostrums  forming  the  subjects 
of  so-called  secrets  will  be  found  to  consist,  in  effect,  not  in  the 
introduction  of  new  materials,  but  in  purifying  the  raw,  and,  only 
as  a  last  expedient,  driving  out  pernicious  impurities  by  means 
of  substances  less  harmful. 

It  may  as  well  be  said  that  tungsten  steel  has  not  proved  a 
dangerous  rival  to  carbon  steel.  The  fact  is  that  tungsten,  when 
steel  containing  it  is  heated,  gradually  oxidises,  at  first  on  the 
surface  of  the  ingots,  and  then  by  degrees  to  the  very  centre,  so 
that  after  a  few  heats  the  steel  loses  its  peculiar  qualities.  This 
oxidation  takes  place  even  at  ordinary  temperatures. 

As  I  have  already  stated,  steel,  cast  and  allowed  to  cool  quietly, 
assumes  a  crystalline  structure.  If  you  heat  such  an  ingot  to  a 
bright  red  heat,  and  allow  it  to  cool  without  working  it  in  any 
way,  then,  on  breaking  the  mass,  you  will  find  that  its  structure 
has  been  altered.  In  order  to  explain  the  law  regulating  the 
change  of  structure  produced  by  heating,  I  draw  a  line,  on  which, 
as  on  the  scale  of  a  thermometer,  I  shall  mark  certain  points, 
corresponding  to  several  determined  temperatures. 

Let  the  point  o  be  the  zero  of  the  thermometric  scale :  a  marks 
the  temperature  of  dark  cherry-red ;  h  red,  but  not  sparkling ;  and  c 
the  melting  point  of  a  given  sample  of  steel.  The  points  a,  h,  and 
c  have  no  permanent  place  on  the  scale,  but  vary  with  the  quality 
of  the  steel  (in  pure  steel  this  variation  depends  directly  on  the 

Rising  from  Z>  to  c, 

Xo  change  of  structure.  amorphous  structure. 
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Will  not  harden.  Falling  from  c  to  b, 

crystallisation. 

quantity  of  carbon  contained);   the  harder  the  steel  the  nearer 
these  points  move  to  o,  and  the  softer  the  steel  the  farther  off,  and. 
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speaking  generally,  with  varying  rates.  Tlie  limits  of  these 
movements  are  sufficiently  narrow,  so  that  an  inexperienced  eye 
would  hardly  discern  them.  Not  having  suitable  apparatus  for 
measuring  the  temperatures,  I  have  been  compelled  to  denote  them 
by  the  colours  exhibited  in  heating,  the  various  shades  of  which 
only  an  experienced  eye  can  appreciate;  and  it  must  be  added 
that  the  colours  named  have  reference  only  to  hard  and  medium 
qualities  of  steel ;  for  in  the  very  soft  kinds,  nearly  approaching 
to  wrought  iron,  the  points  a  and  h  recede  verj^  far,  so  that, 
for  example,  in  wrought  iron  the  point  h  corresponds  to  w^iite 
heat. 

The  definition  of  the  point  a  is  as  follows  : — Steel,  however  hard 
it  may  be,  will  not  harden  if  heated  to  a  temperature  lower  than 
a,  how^ever  quickly  it  is  cooled;  on  the  contrary,  it  will  get 
sensibly  softer  and  more  easily  w^orked  with  the  file.  Xot  having 
time  to  enter  into  the  explanation  of  this  phenomenon,  I  wall  refer 
to  the  investigation  of  Jullien  ("Les  affinites  capillaires  et  les 
phenomenes  de  la  trempe  mis  en  presence,"  Paris,  1866)  on  tempering 
in  general :  from  wdiich  he  deduces  the  very  probable  conclusion 
that  steel,  in  cooling  from  a  red  heat,  appropriates  a  certain  amount 
of  latent  heat,  the  quantity  of  w^hich  is  directly  dependent  on  the 
rate  of  cooling ;  so  that  the  quicker  the  steel  is  cooled,  the  greater 
quantity  of  latent  heat  it  will  contain ;  but  if  the  rate  of  cooling 
diminishes  below  a  certain  limit,  then  the  latent  heat  all  escapes, 
and  no  hardening  can  take  place.  The  actual  hardening  Jullien 
explains  by  the  supposition  that  the  carbon  assumes  an  abnormal 
crystalline  condition.  I  will  add  from  myself  that  all  this  takes 
place  only  when  steel  is  heated  above  the  point  marked  a  on  our 
scale.  The  definition  of  the  point  b  is  that  steel  heated  to  a  lower 
temperature  than  h  does  not  change  its  structure,  w^hether  cooled 
quickly  or  slowly.  This  expression  however  must  be  taken 
conditionally,  because  steel,  during  long  periods  of  time,  and 
especially  under  the  influence  of  shocks  or  vibrations,  and  at 
ordinary  temperatures,  but  to  a  less  extent  than  wrought  iron, 
changes  from  the  finely  granular  to  the  coarse  crystalline 
structure;    and   as   regards   the   heated,   and   therefore   softened. 
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condition,  and  especially  at  temperatures  approximating  to  that 
indicated  by  the  point  h,  it  is  probable  that,  with  the  greater 
facility  of  motion,  the  change  of  striictnrc  Avill  take  place  more 
rapidly.  In  my  own  experiments  I  have  kept  pieces  of  steel  at 
temperatures  near  to  h  for  about  eiglit  hours,  but  after  cooling 
slowly  in  hot  sand  I  have  been  unable  to  detect  any  change  of 
structure. 

As  soon  as  the  temperature  has  reached  the  point  b  the 
substance  of  steel  quickly  passes  from  the  granular  (or,  speaking 
generally,  crystalline)  condition  to  the  amorphous  (wax-like 
structure),  which  it  retains  up  to  its  melting  point,  that  is,  to 
the  point  c.  In  this  condition  steel  possesses  the  property  of 
incompressibility,  and,  at  the  same  time  (with  respect  to  the 
permanence  of  the  amorphism),  has  an  analogy  to  an  exceedingly 
concentrated  solution  of  a  strongly  crystalline  salt.  To  make 
my  meaning  clearer,  imagine  a  piece  of  crystallised  alum  put  into 
a  beaker  and  carefully  heated.  On  attaining  a  certain  determined 
temperature  the  piece  of  alum  will  appear  as  if  damp,  the  separate 
crystals  forming  the  mass  will  seem,  as  it  were,  to  be  sticking  or 
clinging  to  each  other,  forming  a  mass  on  the  point  of  melting  and 
which  actually  becomes  gradually  fluid,  and  forms  a  solution  of  the 
crystals  of  alum  in  their  own  water  of  cr}- stallisation.  Now  if  this 
fluid  mass  is  allowed  to  cool  it  will  again  crystallise,  and  according 
to  the  conditions  under  which  this  cooling  takes  place  w^e  can 
obtain  any  quality  of  crystals,  from  the  coarsest  to  gi'ains  so  fine  as 
to  be  scarcely  perceptible  to  the  naked  eye. 

If  the  fluid  is  allowed  to  cool  very  slowly,  and  in  perfect  quiet, 
then  large  regular-shaped,  well-developed  crystals  will  be  formed  ; 
but  if,  with  the  same  gradual  cooling,  the  liquid  is  kept  in 
constant  agitation  (shaken  up),  the  crystals  will  come  out  very 
small.  Allowed  to  cool  quietly  but  rapidly,  the  crystals  will  also  be 
small ;  and,  finally,  the  least  favourable  condition  for  crystallisation 
is  when  the  liquid  cools  rapidly,  and  is  at  the  same  time  violently 
agitated.  In  a  word,  all  depends  upon  the  greater  or  less  time  and 
the  greater  or  less  freedom  of  motion  the  particles  possess  among 
themselves  for  collection  into  crystals ;  the  first  condition  depends 
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upon  the  rate  of  cooling,  the  second,  upon  quiet  and  the  greater  or 
less  density  (thickness)  of  the  mass  undergoing  crystallisation. 

The  same  changes  take  place  in  the  structure  of  steel  heated 
above  the  point  h.  The  higher  steel  is  heated,  the  softer  it  becomes ; 
the  greater  therefore  is  the  liberty  its  particles  possess  to  group 
themselves  into  crystals  (if  the  quiet  of  the  mass  is  not  disturbed 
by  extraneous  forces) ;  and  the  slower  the  temperature  is  suffered  to 
fall  to  the  point  h,  the  more  time  they  have  for  the  purpose.  At 
temperatures  lower  than  h,  as  already  stated,  the  structure  of  the 
mass  does  not  alter.  In  this  case  the  action  of  carbon  on  iron  may 
be  likened  to  that  of  water  of  crystallisation  on  its  salt ;  that  is,  it 
may  be  supposed  that  carbon  at  the  temperature  h  begins  to 
dissolve  iron  just  as  the  water  of  crystallisation  at  certain 
temperatures  commences  to  dissolve  the  solid  substance  of  the  salt. 
This  hypothesis  receives  confirmation  in  the  process  of  cementation, 
in  which  the  iron  must  be  heated  to  above  a  certain  temperature 
or  no  effect  will  be  produced,  no  matter  how  long  the  bars  remain 
in  contact  with  the  carbon ;  it  is  very  probable  that  the  temperature 
at  Avhich  carbon  begins  to  be  absorbed  in  cementation  is  very  near 
to  the  point  h. 
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The  power    of   steel  to  become  granular  may  be  graphically- 
illustrated  thus  :— On  our  scale  of  temperatures  o,  a,  &,  c,  a  curved 
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line  rises  from  the  point  h,  and  tlic  onlinates  y  y,  &c.,  of  this  curve 
represent  the  degree  of  develoi)ment  of  the  grains  for  the 
corresponding  temperatures  x  x,  &c.,  which  become  the  abscissa3, 
but  necessarily  under  similar  conditions  of  cooling  from  the  several 
temperatures  ic  ic  to  the  temperature  h.  At  some  temperature  X 
lower  than  the  melting  point  c,  the  ordinate  Y  becomes  infinite, 
and  an  asymptote  to  the  curve,  the  practical  significance  of  which  is 
apparent  in  the  well-knowai  fact  that  steel  will  not  endure  a  high 
welding  heat,  but  falls  to  pieces  in  the  fire ;  and  the  harder  the  steel 
the  lower  is  the  temperature  at  which  this  takes  place,  and 
therefore  the  nearer  is  the  temperature  X  to  o,  and  the  farther 
from  c. 

In  manufacturing  articles  of  steel  we  try  to  get  them  as  much 
as  possible  of  a  fine-grained  structure,  especially  if  strength  or 
toughness  is  the  first  object  sought.  I  say  that  it  is  better  to 
obtain  steel  of  a  finely  crystalline  structure,  because  numerous 
experiments  have  demonstrated  that  the  greater  the  preponderance 
of  the  crystalline  formation,  and  the  larger  and  more  regular 
the  crystals  in  a  given  piece  of  steel,  the  less  resistance  does  it 
ofier  to  fracture,  the  less  tenacity  does  it  possess,  and  therefore 
men  connected  practically  with  the  working  of  steel  recognise  its 
qualities  by  the  aj)pearance  of  its  fracture.  If  the  fracture  is 
fine-grained,  they  say  the  steel  is  well  forged  and  consolidated ;  if 
it  is  coarse-grained,  it  is  badly  forged  and  of  an  open  character. 

Although  we  are  in  the  habit  of  associating  with  the  forging  of 
steel  an  idea  of  increased  density,  yet  in  reality  it  appears  that,  in 
most  cases,  forging  changes  only  the  form  of  the  steel,  and, 
according  to  the  relations  between  the  force  of  the  blows  and  the 
thickness  of  the  piece  of  steel  being  worked,  hinders  crystallisation 
of  the  mass  to  a  greater  or  less  degree,  but  does  not  increase  its 
density  (I  am  speaking  only  of  forging  above  the  temperature  h, 
such  as  is  general  in  working  large  ingots).  The  force  of  the 
blows  is  too  small  to  vanquish  that  gigantic  molecular  force  of  heat 
which  keeps  the  particles  of  steel  at  a  definite  distance  one  from  the 
other.  The  problem  of  forging  (at  temperatures  higher  than  h) 
consists  in  this,  that  while  changing  the  form  of  the  mass  of  steel 
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it  should  have  no  time  to  cool  and  crystallise  quietly,  but  should 
be  kept  in  the  amorphous  condition  till  such  time  as  the 
temperature  sinks  below  the  point  h,  after  which,  if  left  to  cool 
in  quiet,  the  mass  will  no  longer  crystallise,  but  will  possess  great 
tenacity  and  homogeneity  of  structure,  so  that  it  will  oppose  in  all 
its  parts  a  uniform  resistance  to  external  forces,  of  course  supposino- 
the  chemical  composition  of  the  mass  throughout  to  be  the  same. 

But   if  the   problem    of    forging   was   limited   to    the   above 
conditions,  it  is  easily  seen  that  working  steel  under  the  hammer 
might  be  dispensed  with,  and  the  required  form  given  at  once 
by  casting  in  suitable  moulds,  and  preventing  crystallisation  by 
rapid    cooling.      In   reality   however   things    are  very  different. 
The  difficulty  of  forging  is  aggravated  by  the  circumstance  that 
the  cast  ingots  out  of  which  guns,  for  example,  have  to  be  made 
are  full  of  pores  filled  with  gas,  bubbles  penetrating  the  interior 
as  well  as  the  surface  of  the  mass,  and  also  with  scales  and  cracks 
due  to  contraction,  so  that,  as  the  castings  are  delivered  from  the 
foundry,  it  would  be  impossible  to  make  use  of  them.      These 
bubbles  and  cracks  must  be  squeezed  or  pressed  together,  and  this 
can  only  be  done  by  powerful  mechanical  means — by  heavy  forging. 
Simply  unforged  cast  steel  is  neither  less  dense  nor  less  strong  than 
steel  of  the  same  molecular  structure,  and  forged  at  temperatures 
higher  than  h.     To  convince  myself  of  this,  I  made  a   number 
of  experiments,  first  on  the  density  of  the  two  kinds  of  steel,  and 
found  that  in  most  cases  forging  had  diminished  the  specific  gravity ; 
and  secondly,  I  found  that  the  tenacity  of  the  cast  steel  was  in 
nowise  less  than  that  of  the  forged,  provided,  as  I  said  before,  both 
have  the  same  structure.     To  prove  this,  I  took  a  cast  ingot  of 
coarse  crystalline  structure ;  I  had  it  cut  longitudinally  into  four 
parts.     One  of  these  parts  was  turned  down  in  the  lathe,  and  tested 
in  the  proving  machine.     The  second  piece  was  heated  to  bright 
red,  and  vigorously  forged  under  a    3-ton  hammer,  the  forging 
being  stopped  when  the  temperature  fell  to  very  nearly  the  point 
h;  the  specimen  was  then  turned  down,  and  also  tested  in  the 
proving  machine.     The  third  piece  was  made  red  hot,  very  nearly 
the  same  temperature  at  which  the  forging  of  the  second  piece 
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terminated,  and  was  allowed  to  cool  in  the  open  air  without  Loing 
forged.  Having  broken  a  small  piece  off  this  last  specimen,  I 
found  that  it  had  assumed  a  finely  granular  structure  very  similar 
to  that  of  the  second  forged  specimen.  The  third  sample  was  also 
turned  down  in  the  lathe,  and  tested.  The  three  specimens  are 
now  before  you,  and  you  may  judge  for  yourselves  what  varieties 
of  structure  the  selfsame  piece  of  steel  may  be  made  to  assume. 
The  results  of  the  experiments  are  given  in  the  following  table : — 


Ultimate 

i 

Dynamic 
1    Resistance 
per  cubic  inch. 

strength. 

Ultimate 

;   Diameter  of 

in  inch-tons. 

in  tons  per 

Extension. 

Specimen. 

Ultimate 

square  inch. 

1      strength 
!       X  half 
elongation. 

Tons. 

Inch. 

1  Inch-Tons. 

1st. 

Unforged  specimen  .      . 

34-8 

0-023 

0-885 

1      0-4 

2nd 

Vigorously  forged  si^ecimen 

41-5 

0-053 

0-85 

;     11 

3rd. 

Not  forged,  but  made  finelyj 
granular  by  heating    .      .  / 

38-7 

0-166 

0-G3 

3-21 

I  must  also  remark,  that  on  the  fractured  surface  of  the  third 
sample,  as  you  may  observe  for  yourselves,  there  is  a  spot  of  iron 
occupying  about  one-sixth  of  the  area,  which  was  undoubtedly 
the  cause  of  premature  fracture,  for  the  appearance  of  the  surface 
clearly  shows  that  it  began  at  that  spot. 

In  order  to  establish  the  propositions  I  have  advanced,  it  will 
of  course  be  necessary  to  institute  a  complete  series  of  experiments.* 
As  regards  trials  by  bending  and  breaking  under  the  hammer, 
an  immense  number  of  experiments  have  convinced  me  of  the 
correctness  of  my  views. 

From  w^hat  has  been  said  above,  you  must  have  perceived  that 
the  whole  point  lies  in  the  structure  of  the  steel,  and  that  for 
.successful  forging  the  heated  ingot,  after  it  is  taken  out  of  the 
furnace,  must  be  forged  as  quickly  as  possible,  so  as  to  leave  no 
spot  untouched  by  the  hammer,  no  spot  in  which  the  steel  might 


*  1875-     Since  the  above  was  written,  numerous  experiments  at  the  Abouchoff 
Works  have  fully  demonstrated  the  truth  of  my  views. 
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ciystallise  quietly,  because,  as  I  have  said,  the  heated  piece  of 
steel  must  be  considered  in  an  analogous  condition  to  a  saturated 
solution  of  a  strongly  crystallising  salt,  which,  the  moment  it  is 
allowed  to  cool  quietly,  develops  large  crystals.  (I  repeat  that 
this  has  reference  to  temperatures  higher  than  h.) 

To  show  how  great  is  the  tendency  to  crystallisation  in 
steel  heated  up  to  a  high  temperature,  and  allowed  to  cool  quietly 
even  for  a  short  time,  I  have  brought  some  specimens  by  which 
you  can  judge  of  this  tendency.  The  larger  specimen  was  obtained 
under  the  following  circumstances  :  an  ingot  of  soft  steel  prepared 
for  forging  was  allowed  to  remain  in  the  furnace  for  half  an  hour 
after  it  had  been  heated  to  a  bright  orange  heat,  because  the 
hammer  was  occupied  by  another  forging.  But  in  order  not  to 
overheat  the  ingot,  the  smith  reduced  the  temperature  of  the  furnace, 
and  gradually  let  down  that  of  the  work  to  a  bright  red.  If  you 
will  now  call  to  mind  what  I  have  said  about  the  tendency  of  steel 
to  crystallise  in  cooling  between  the  temperatures  c  and  6,  you 
will  readily  believe  that  during  this  half-hour  the  ingot  had  time 
to  change  its  internal  structure  from  the  amorphous  to  the 
crystalline,  a  change  which  was  greatly  assisted  by  the  extreme 
softening  it  had  undergone  at  the  higher  temperature,  which 
presented  favourable  conditions  for  the  movement  of  the  particles 
within  the  mass.  As  soon  as  the  hammer  was  at  liberty,  the  ingot 
was  taken  out  of  the  furnace,  and  placed  on  the  anvil ;  with  the 
very  first  blow  on  its  middle,  the  end  of  the  ingot  tumbled  oif  from 
the  effects  of  the  concussion ;  the  form  of  the  fracture  you  can  see 
on  the  first  specimen  before  you.  The  remaining  samples  are  taken 
from  other  ingots  under  similar  circumstances,  and  they  all  show 
how  strongly  the  crystals  have  developed  themselves ;  and,  moreover, 
each  crystal  seems  to  have  formed  itself  in  an  independent  manner, 
with  so  little  cohesion  to  the  neighbouring  crystals  that  one 
shock  was  sufficient  to  separate  them,  and  allow  the  overhanging 
piece  to  detach  itself  by  its  own  weight.  The  specimens  show  that 
fracture  has  taken  place  only  along  the  surfaces  of  the  crystals, 
and  nowhere  through  the  body  of  them. 

2  B 
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It  might  bo  concluded  from  tlio  incident  al)ovc  described  that 
the  ingot  was  completely  spoiled,  and  could  not  be  forged  again. 
But  such  a  conclusion  would  bo  quite  erroneous.  It  is  true  that 
the  higher  the  temperature  of  the  steel,  the  more  susceptible  is  it 
to  the  action  of  the  furnace  gases,  and  the  quicker  it  changes  its 
chemical  condition,  so  that  if  kept  at  a  high  temperature  in  the 
furnace  it  will  gradually  lose  its  carbon  and  be  slowly  converted 
into  iron  (burning).  The  example  I  have  cited  however  is  only 
a  case  of  overheating ;  and  in  order  to  know  how  to  correct  the 
mistake  made  we  must  turn  to  the  conditions  of  crystallisation. 

Let  us  again  take  the  beaker*  of  melted  alum.      Suppose  the 

melting  point  to  be  f^,  and  that  the  solution  was  further  heated  up 

to  ti  under  which  operation  it  would  continue  liquid.     Let  the 

temperature  fall  gradually,  keeping  the  solution  perfectly  quiet, 

then  we  shall  find  that  at  some  temperature  t  between  t^  and  t;  the 

salt  will  begin  to  crystallise;   but  it  is  only  necessary  to  shake 

up  the  solution  to  make  the  crj^stals  dissolve  again  at  the  same 

temperature  t.     We  shall  notice  also  that  there  is  scarcely  any 

cohesion  between  the  separate  crystals  so  formed ;  and  if  we  do 

not  wish  to  disturb  their  mutual  relations,  w^e  shall  have  to  allow 

the  crj^stallising  solution  to  cool  below  the   temperature   t,^,    and 

then  by  a  second  heating  up  to  t^  we  should  again  receive  a  fluid 

mass.      The  same  result  would  be  obtained  by  a  simple  single 

increase  of  temperature  ;  the  difference  lies  in  this,  that  the  liquid 

produced   from  the  destruction  of  the   incipient  crystals   in  the 

three  cases  stated  has  three  distinct  temperatures.    Applying  this 

reasoning  to  steel,  it  is  easy  to  see  that,  in  the  case  cited,  the 

temperature  of  the  ingot  should  have  been  raised  again  before 

forging,  so  as  to  impart  to  it  an  amorphous  structure;  it  should 

then  have  been  quickly  and  unceasingly  forged  all  over  its  extent 

while  the  temperature  was  lowering  somewhat,  and  the  tendency 

to  crystallisation  decreasing.    Or  the  particles  that  had  commenced 

to  crystallise  might  have  been  brought  into  a  motion,  corresponding 

to   the   shaking   of  the  beaker,  but  very  carefully,  so  that   the 

crystals  formed  should  not  fall   to  pieces;    i.e.  the   ingot  might 

have   been   hammered   with   the   very   lightest  blows ;    and   the 


April  1880. 


MANUFACTURE   AND    WORKING    OF    STEEL. 


209 


temperature  being  higher  than  h,  the  crystals  would  have  run 
into  each  other,  the  ingot  would  have  assumed  the  amorphous 
condition,  after  which  it  might  have  been  worked  like  a  piece 
of  wax. 

It  is,  of  course,  better  under  such  circumstances  to  allow  the 
overheated  ingot  to  cool  quietly,  then  to  heat  it  again,  taking  care 
not  to  allow  the  temperature  to  rise  too  high  and  give  the  mass 
an  opportunity  of  again  changing  the  restored  amorphous  condition 
to  a  crystallised  one ;  the  forging  will  then  not  require  any  special 
precautions,  and  the  ingot  will  not  tumble  to  pieces. 

I  now  present  you  with  one  of  many  instances  of  the  spoiling 
of  large  steel  ingots  from  the  causes  I  have  been  explaining,  and 
proceeding  from  a  thorough  ignorance,  on  our  part,  of  the  material 
with  which  we  are  working. 


On  cutting  off  the  end  of  a  shaft  25  inches  diameter,  the 
shake  a  h  was  met  with  in  the  position  indicated  on  the  sketch. 
The  dotted  lines  show  the  form  of  the  forging  before  the  neck  was 
turned.  The  walls  of  the  cavity  were  lined  with  large  well- 
developed  crystals,  the  size  of  some  of  which — as  you  may  see  by 
the  specimen  before  you — reached  J  inch,  and  between  the  large 
crystals  were  interposed  smaller  ones  about  -j\-  inch  diameter  ;  the 
crystals  projected  only  half  their  height  into  the  cavity,  and  on 
breaking  the  sample  at  right  angles  to  the  crystalline  surface,  the 
prolongation  of  the  crystals  into  the  mass  of  steel  could  not  be 
traced ;  the  fracture,  though  crystalline,  was  of  a  totally  different 
nature  from  that  forming  the  surface  of  the  cavity,  and  similar  to 
that  of  the  mass  of  the  ingot  in  the  same  neighbourhood.  The 
surface  of  the  walls  of  the  cavity  had  a  clear  unoxidised  metallic 
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appearance,  Avitli  a  silvery  Instrc,  as  you  sec  hy  the  specimen. 
The  ingot  out  of  which  this  shaft  was  forged  was  overheated  in 
the  manner  I  have  described,  and  taken  out  of  the  furnace  when 
the  crj'stals  had  already  begun  to  form.  At  the  first  blows  of 
the  hammer  on  its  end  the  part  c  which  received  the  full  force 
of  the  blow  was  separated  from  the  mass  on  account  of  the  want 
of  cohesion  caused  by  the  crystallisation,  and  formed  the  internal 
inclined  plane  ah ;  and  as  the  forging  proceeded,  the  outer  layers, 


being  more  acted  on  by  the  blows,  were  more  extended,  and  the 
cavity  considerably  increased.  The  fact  that  on  striking  the  end 
of  an  ingot  the  force  of  the  blow  is  taken  up  by  the  wedge-shaped 
piece  G  may  be  easily  demonstrated  to  the  eye,  because  in  those 
places  where  swelling,  compression,  or  tension  follows  the  blows 
of  a  hammer,  a  dark  shade  is  soon  produced  by  the  partial 
detachment  of  thin  plates  of  scale.  The  same  result  will  be 
arrived  at  by  an  analytical  investigation  of  the  effect  of  a 
blow  on  c. 

The  appearance  of  the  crystallised  surface  of  the  specimen  is,  as 
you  see,  completely  analogous  to  that  of  every  other  specimen  of 
overheated  steel ;  the  difference  lies  only  in  this,  that  the  surface 
is  not  oxidised,  because  the  air  could  not  penetrate  into  the  cavity 
while  the  shaft  was  in  a  heated  state. 

It  is  worthy  of  jemark,  that  if  a  piece  of  steel  be  so  greatly 
overheated  as  to  assume  a  strongly  crystalline  structure,  and 
become  liable  to  destruction  at  the  least  shock,  and  be  allowed  to 
cool  quietly,  then  the  separate  crystals,  if  they  have  not  been 
separated  by  external  forces  while  in  a  heated  state,  become  so 
joined  or  grown  together  that  the  fracture  of  the  cold  piece  takes 
place,    not    along    the    surfaces   of    the    separate    crystals,    but 
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indiflferently  through  their  mass,  though  the  junctions  of  the 
fractures  of  individual  crystals  generally  take  place  along  their 
planes  of  adhesion,  owing  to  which  such  fracture  is  always  very 
sparkling. 

From  this  it  is  evident  that  the  close  contact  of  two  surfaces  of 
metals  of  the  same  nature  heated  to  a  higher  temperature  than  b 
is  sufficient  to  produce  union.  This  is,  in  fact,  welding ;  and  if, 
in  welding,  hammering  is  always  necessary,  it  is  only  because,  in 
the  first  place,  it  is  very  difficult  wdthout  hammering  to  press  two 
pieces  one  against  the  other;  and  secondly,  that  it  is  otherwise 
difficult  to  free  the  surfaces  to  be  welded  from  the  slag  which  alone 
protects  them  from  oxidation  during  the  heat.  Of  course  the 
more  homogeneous  or  analogous  the  structure  of  the  two  pieces, 
the  more  perfect  will  be  the  union ;  but  one  of  the  first  conditions 
is  that  there  should  be  the  fullest  contact  between  .the  unoxidised 
metallic  surfaces. 

Up  to  the  present  we  have  been  discussing  the  forging  of  steel 
only  at  temperatures  higher  than  the  point  h,  and  we  have  stated 
that  the  aim  of  the  forge-master  must  be  to  change  the  form  of  his 
ingot  in  such  manner  as  to  keep  all  its  particles  in  constant 
motion,  and  so  hinder  the  formation  of  crystals,  w^hich  materially 
lower  the  tenacity  of  the  steel.  Let  us  now  see  what  circumstances 
arise  in  forging  below  the  temperature  h. 

The  fracture  of  a  piece  of  cast  steel  presents  a  rough  surface 
consisting  of  groups,  as  it  were,  of  crystalline  debris  (so-called 
grains)  piled  one  on  another,  and  generally  of  a  very  irregular  form. 
Under  the  microscope  it  is  easy  to  see  considerable  interstices 
between  the  groups  of  grains,  and,  on  more  minute  examination, 
spaces  may  be  observed  between  the  grains  themselves,  which  form 
with  each  other  various  interlacings  and  combinations.  In  a  word, 
steel,  under  the  microscope,  has  a  more  or  less  porous  structure,  at 
first  sight  destructive  of  any  belief  in  the  tenacity  ascribed  to  it. 
Time  will  not  permit  me  to  enter  into  details  relating  to  the 
appearance,  size,  and  arrangement  of  the  grains ;  it  answers  my 
purpose  simply  to  draw  attention  to  the  fact  that  among  the  grains 
of  steel  there  are  numerous  vacant  spaces — pores.     The  question 
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arises :  what  becomes  of  these  pores  when  the  steel,  "being  heated 
lip  to  the  temperature  6,  acquires  the  amorphous  condition?  In 
all  probability,  during  the  rise  of  temperature  from  o  to  6,  the 
expansion  of  each  individual  grain  (formerly  in  itself  a  compact 
body)  goes  on  incomparably  faster  than  the  increase  of  the  external 
dimensions  of  the  piece  of  steel,  so  that  the  period  at  which  it 
assumes  the  amorphous  condition  coincides  with  the  moment  when 
the  atoms  composing  the  individual  grains,  moving  away  from 
each  other  under  the  influence  of  heat,  fill  up  these  spaces ;  it  is 
therefore  conceivable  why  steel  becomes  at  this  stage  incompressible 
— why  it  is  impossible  to  increase  its  density  by  hammering,  no 
matter  how  heavy  the  blows  may  be. 

It  is  evident  from  the  above  reasoning  that  if  we  wish  to 
increase  the  density  of  steel,  to  approach  its  component  grains  to 
each  other  and  so  bring  them  to  a  more  energetic  cohesiou,  we 
must  do  so  when  not  opposed  by  the  force  of  heat,  that  is,  only  at 
temperatures  below  the  point  h. 

Thus,  forging  at  temperatures  below  the  amorphous  condition 
has  the  important  advantages  we  are  in  the  habit  of  ascribing 
to  it.  We  never  forge  large  ingots  below  the  temperature  of 
amorphous  structure,  and  guns  never  were  and  never  are  forged 
below  that  point,  because  for  gun  steel  it  lies,  as  I  have  already 
stated,  at  a  dull  red  heat,  that  is,  within  limits  below  which,  with 
the  mechanical  means  at  our  disposal,  we  can  produce  no  effect  on 
large  steel  masses.  It  would  be  necessary  to  forge  small  ingots 
under  our  largest  hammers,  and  what  an  exhibition  of  inadequate 
mechanical  appliances  would  be  presented  if  a  4-pounder  gun  were 
forged  under  a  3o-ton  hammer  !  The  practice  now  is  to  forge  the 
4-pounders  under  the  3-ton,  and  sometimes  the  o-ton  hammer, 
while  the  35-ton  hammer  is  used  for  the  6-inch,  8-inch,  and  9-inch 
guns,  in  which  the  diameter  of  ^the  cast  ingot  reaches  up  to  40 
inches ;  but  if  you  picture  to  yourself  such  a  large  mass  of  steel 
heated  to  a  non-sparkling  red  heat,  you  will  perceive  that  the 
utmost  efforts  of  the  heaviest  hammer  would  remain  inoperative — 
it  would  be  impossible  to  forge  it. 
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Forging  is  carried  on  at  points  below  the  amorphous  condition, 
but  it  is  only  in  very  small  pieces,  and  by  those  who  have  some 
knowledge  of  the  influence  of  heat  on  steel. 

If  a  cast  ingot  of  any  given  structure  is  heated  not  higher  than 
the  point  6,  then  in  its  heated  state  it  will  retain  its  structure. 
If  it  was  crystalline,  then  in  a  heated  state  it  would  be  composed 
of  the  same  crystals,  which  however  would  be  considerably 
softened.  If  the  piece  of  steel  be  forged  in  this  condition,  then  its 
crystals  or  grains,  being  driven  against  each  other,  will  change 
their  shapes,  becoming  elongated  in  one  direction  and  contracted 
in  another,  and  the  increase  of  density  becomes  so  considerable 
that  I  have  found  the  specific  gravity  rise  as  high  as  8,  which  I 
have  never  yet  found  in  steel  forged  at  temperatures  higher  than 
h.  This  comparatively  cold  forging  communicates  to  the  metal 
great  clearness  of  ring,  it  is  no  longer  so  easily  w^orked  with  the 
file,  weak  sulphuric  acid  produces  hardly  any  effect  on  it,  and 
so  on.  With  regard  to  its  absolute  tensile  strength,  I  regret  very 
much  that  I  have  been  unable  to  make  any  experiments ;  but  there 
can  be  no  doubt  that  it  is  very  high. 

The  fracture  of  such  steel  has  a  silky  lustre,  and  under  the 
microscope  it  is  very  difficult  to  trace  the  limits  of  the  individual 
grains;  they  present  the  appearance  of  whole  groups  of  waxy 
little  balls  squeezed  together  under  a  powerful  press.  If  you 
cut  off  and  polish  the  surface  of  a  piece  of  steel  so  treated,  and 
then  immerse  it  in  weak  sulphuric  acid,  after  a  time  a  pattern 
will  form  on  the  surface,  which  presents  the  appearance  of  an 
irregular  interlacing  of  crooked  lines,  the  size  of  the  network 
depending  on  the  original  size  of  the  crystals,  the  manner  of 
forging,  and  so  on.  I  have  already  stated  that  the  tendency  to 
crystallisation,*  as  well  as  the  form  of  the  crystals  and  their  relative 
positions,  depends  on  the  purity  of  the  steel,  and  the  conditions 
under  which  the  cast  ingots  are  poured  and  cooled.  In  the  higher 
qualities  of  '  boulat,'  the  tracery  developed  by  acid  is  of  remarkable 
beauty  and  regularity. 

The  cause  of  the  patterns  appearing  is  the  various  groupings 
of  the  crystals  during  their  formation.     These  crystals  have  not 
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tlio  same  chemical  compasition  ;  the  lighter  parts  of  the  tracery 
contain  much  more  carbon  than  the  darker  parts — a  fact  which  I 
have  demonstrated — and  consequently,  simultaneously  with  the 
grouping  of  the  crystals  or  grains,  there  is  a  segregation  of  like 
chemical  compounds.  If  you  heat  the  piece  of  steel  thus  marked 
(damascened)  up  to  the  temperature  6,  or  a  little  higher,  and  allow 
it  to  cool  again,  you  will  no  longer  be  able  to  obtain  any  pattern 
by  the  action  of  acids.  From  what  has  been  already  said,  the 
cause  of  this  must  now  be  quite  plain,  and  I  need  not  dwell  on  it 
any  longer. 

In  conclusion,  I  will  show  in  w^hat  manner  the  properties  of  a 
cast-steel  ingot  may  be  best  taken  advantage  of. 

With  respect  to  forging  at  temperatures  below  the  amorphous 
condition,  we  can  only,  as  I  have  already  stated,  make  the  smallest 
guns  under  the  largest  hammers.  AVe  have  at  present  no  mechanism 
capable  of  dealing  with  large  masses  at  low  temperatures;  but 
if  it  were  possible,  there  can  be  no  doubt  that  guns  so  forged 
would  be  of  the  very  best  quality,  and  their  reception  into  the 
service  would  be  facilitated  by  the  appearance  of  the  patterns 
brought  out  by  w'eak  acids,  because  of  the  close  connection  which 
exists  between  the  quality  and  the  appearance  of  the  steel  so  treated. 

To  adapt  ourselves  to  the  means  possessed  by  our  steel  works, 
"we  must  strive  to  obtain  our  material  as  much  as  possible  of  a  fine- 
grained structure  ;  and  with  this  view  it  is  necessarv,  as  we  have 
already  seen,  to  heat  the  ingots  to  a  high  temperature,  and  to  keep 
forging  them  until  they  cool  down  below  the  temperature  6,  because, 
by  so  doing,  we  shall  be  giving  the  work  the  required  form, 
and  at  the  same  time  prevent  its  structure  becoming  crystalline, 
but  rather  make  it  approach  the  amorphous  condition.  But  if  we 
examine  the  circumstances  attending  the  practical'  application  of 
this  rule  to  the  forging  of  ingots  intended  for  heavy  guns,  we  shall 
find  that,  in  many  cases,  it  will  be  impossible  to  carry  it  out,  and 
a  forging  will  be  obtained  the  structure  of  which  is  far  from 
uniform,  and  more  likely  to  be  coarsely  crystalline  than  fine- 
grained. We  shall  attain  our  object  more  easily,  and  with  more 
certainty,  if  after  having  given  the  forging  the  desired  shape,  we 
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alter  its  structure  to  the  liomogencous  amorphous  condition  by 
heating  it,  and  then  fix  that  condition  by  rapid  cooling  to  a 
temperature  lower  than  h.  For  this  purpose,  it  is  of  course 
necessary  to  surround  the  ingot  after  heating  by  some  rapidly 
cooling  medium. 

From  what  has  been  said  above,  it  is  evident  that,  with  the  same 
rate  of  cooling,  we  shall  fix  the  amorphous  condition  of  the  steel 
with  the  greatest  certainty  when  we  exceed  the  temperature  h  as 
little  as  possible ;  and  for  that  reason  it  is  well  to  determine  that 
temperature  for  each  ingot  beforehand. 

Having  therefore  heated  the  finished  forging,  or  better  still,  the 
rough  turned  and  bored  gun,  to  a  temperature  somewhat  higher 
than  h — a  point  which  ought  to  be  determined  by  the  pyrometer — 
let  it  then  be  plunged  as  quickly  as  possible  into  the  cooling 
medium,  be  it  water,  oil,  or  what  not;  and  having  reduced  the 
temperature  of  the  work  to  below  the  point  h,  allow  it  to  finish 
cooling  gradually,  so  as  to  prevent,  as  far  as  possible,  internal 
strains  due  to  sudden  and  unequal  contraction. 

To  show  what  changes  may  be  produced  in  the  structure  of 
steel  by  the  operations  described,  I  lay  before  you  three  specimens. 
They  are  all  broken  from  the  same  piece  of  steel.  The  first 
specimen  exhibits  the  coarsely  crystalline,  porous  structure  that 
characterised  the  ingot,  notwithstanding  that  it  was  well  worked 
under  the  3 5- ton  hammer.  The  second  sample  was  heated  to  a 
little  above  a  bright  red  non-sparkling  heat,  and  then  allowed  to 
cool  in  the  open  air.  Comparing  the  fractures  of  these  two  pieces, 
you  perceive  the  structure  is  totally  different,  though  offering  one 
surface  to  the  other  proves  by  the  fit  that  the  two  pieces  were  at 
one  time  united,  and  that  neither  piece  has  been  touched  by  the 
hammer  since  they  were  broken  asunder.  The  third  fragment  of 
the  same  piece  was  heated  to  a  bright  red  heat,  and  then  quickly 
plunged  into  water,  and  left  till  the  temperature  sank  to  a  reddish- 
brown  heat ;  it  was  then  taken  out  and  allowed  to  cool  in  the  open 
air.  The  fracture  shows  that  on  the  external  surfaces,  for  a  depth 
of  0  •  1  inch  the  amorphous  condition  has  been  completely  preserved. 
In  the  centre  of  the  piece  the  mean  diameter  of  the  grains,  as 
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measured  Ly  the  microscope,  is  0*0004  inch,  while  the  mean 
diameter  in  the  first  piece  was  0*15  inch,  and  in  the  second 
0*005  inch.  To  this  I  may  add  that  to  break  the  first  piece  one 
blow  of  a  hand-hammer  (?  sledge)  was  sufficient,  to  break  the 
second  required  five  such  blows,  and  the  third  piece  had  to  be 
broken  under  a  steam-hammer,  because  the  strength  of  the  smith 
was  inadequate  for  tlie  work. 

A  similar  experiment  was  made  with  the  tiro  of  a  railway 
wagon  wheel.  A  piece  of  an  ordinary  tire  was  broken  by  a  5-ton 
hammer  into  three  pieces.  One  of  them  was  heated  to  a  light  red, 
and  then  thrown  on  the  floor  to  cool  in  the  open  air  to  the  ordinary 
temperature.  It  was  then  put  under  the  5-ton  hammer,  and 
required  four  heavy  blows  to  break  it,  whereas  the  first  piece  broke 
under  one  blow  of  the  same  hammer.  The  third  piece  I  heated  to 
a  bright  red  heat,  plunged  it  quickly  into  water,  and  took  it  out 
again  when  cooled  to  a  reddish-brown  heat,  and  then  found  that  it 
required  five  heavy  blows  of  the  o-ton  hammer  to  break  it. 

Therefore  I  say  that  in  order  to  fix  the  amorphous  condition, 
and  thereby  to  increase  the  tenacity  of  steel,  it  is  necessary  to 
plunge  it,  after  heating,  into  water.  It  may  be  cooled  in  oil, 
but,  in  the  first  place,  this  is  expensive,  and,  in  the  next, 
numerous  precautions  have  to  be  taken  to  prevent  the  oil  catching 
fire.  With  respect  to  cooling  in  water,  I  must  add  that  the 
conductivity  of  hot  metal  is  very  small,  and  that  although  the 
external  visible  parts  soon  show  the  desired  fall  of  temperature, 
yet  the  central  portions  remain  very  much  hotter;  it  therefore 
requires  care,  experience,  and  many  precautions  to  avoid  the  too 
rapid  cooling  of  the  outer  layers,  and  the  consequent  development 
of  severe  internal  strains. 

Time  will  not  permit  me  to  treat  this  subject  in  greater  detail. 
I  can  only  state  my  opinion  that  not  only  should  every  gun  be 
subjected  to  the  treatment  above  described,  but  also  every  article 
made  of  steel,  as,  for  example,  tires,  axles,  shafts,  &c.* 

*  1S75.  A  wagon  axle  treated  in  the  above  manner,  and  cooled  in  water, 
withstood  tsventy-two  blows  of  a  half-ton  weight  falling  14  feet,  and  remained 
unbroken. 
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It  follows,  from  the  principles  laid  down,  that  any  steel  article 
having,  from  constant  work  and  concussion,  lost  its  original 
strength,  that  is,  assumed  a  crystalline  structure,  as  happens  to 
wagon  axles,  engine  shafts,  &c.,  can,  by  the  help  of  the  process 
above  described,  be  completely  restored  by  having  communicated 
to  it,  if  not  an  amorphous  structure,  at  least  one  so  finely  grained 
as  to  be  nearly  equal  to  it,  and,  at  the  same  time,  a  compactness 
and  tenacity  it  very  likely  did  not  possess  when  newly  taken 
into  service. 

I  trust  that  you  will  now  find  it  easy  to  understand  the 
circumstances  and  facts  which  I  brought  under  your  notice  at  the 
commencement  of  this  Paper. 

I  have  heard  with  pleasure,  from  a  friend  just  returned  from 
England,  that  at  the  Woolwich  Arsenal  they  have  adopted  the 
practice  of  heating  their  steel  gun  linings,  after  forging  and  rough 
turning,  and  plunging  them  into  oil ;  he  was  unable  to  give  me 
any  details  of  the  operation,  as  he  only  noticed  it  in  passing,  but 
the  object  of  the  treatment  was,  he  ascertained,  to  give  the  steel 
greater  tenacity.  It  is  possible  that  I  may  soon  obtain  information 
as  to  the  reasoning  which  led  to  the  adoj^tion  of  this  practice, 
and  I  shall  be  exceedingly  pleased  if  I  find  it  is  based  on  theories 
similar  to  those  I  have  had  the  honour  of  laying  before  you  this 
day.  With  respect  to  the  doctrines  I  have  been  advocating,  I  have 
been  accused  of  being  too  bold  in  my  conclusions  ;  but  I  am 
prepared  to  take  a  still  more  decisive  step,  and  to  announce  the 
opinion,  resulting  from  my  observations,  that  "  future  investigation 
into  the  question  of  forging  steel  will  not  deviate  from  the  path 
into  which  we  have  this  day  directed  it." 
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PROCEEDINGS 


August  1880. 


The  Summer  Meeting  of  the  Institution  was  held  at  Barrow-in- 
Furness,  commencing  Tuesday,  3rd  August,  at  10  a.m.  The 
President,  Edward  A.  Cowper,  Esq.,  and  the  Members  of  the 
Institution  were  received  in  the  Town  Hall  by  the  Mayor  of 
Barrow,  Edward  Wadham,  Esq. 

The  Mayor,  in  the  name  of  the  authorities  of  Barrow,  begged 
very  heartily  to  welcome  the  Institution  of  Mechanical  Engineers  to 
the  town  of  Barrow.  He  trusted  the  Members  of  the  Institution 
would  see  some  things  that  would  interest  them ;  and  felt  quite 
certain  that  the  inhabitants  of  Barrow  would  themselves  derive 
great  benefit  from  the  information  which  they  would  gain  by  the 
papers  to  be  read,  and  from  the  opportunity  afforded  them  of 
associating  with  so  many  men  of  learning  and  science. 

The  President,  on  behalf  of  the  Institution,  wished  to 
acknowledge  the  kindness  of  the  authorities  of  the  town,  in  giving 
the  present  invitation,  which  had  been  accepted  with  very  great 
pleasure  by  the  Council  of  the  Institution.  The  members  present 
would  have  the  opportunity  of  seeing  the  numerous  manufacturing 
operations  which  were  carried  on  at  Barrow,  and  he  had  no  doubt 
that  the  visit  would  be  to  the  mutual  advantage  and  pleasure  of  all. 


The    Chair    was    then    taken    by   the    President,   Edward   A. 
Cowper,  Esq. 

The  Minutes  of  the  last  Meeting  were  read,  approved,  and  signed. 

2  c 
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ELECTION    OF    NKW    MEMBERS. 


August  1880. 


Tho  President  announced  that  the  Ballot  Lists  had  been  opened 
by  a  Committee  of  Council,  and  that  the  following  New  Members, 
Associate,  and  Graduates,  were  found  to  be  duly  elected  : — 


MEMBERS 

William  Henry  Bell, 

William  Bow, 

Daniel  Campbell, 

George  Dun  das  Churchward,   . 

Charles  Edward  Cowper,     . 

John  Dodd, 

Frederic  Eliot  Duckham 

Samuel  Geoghegan, 

Charles  Gill, 

Alexandre  Gottschalk 

James  Gresham,  . 

James  Hornsby, 

William  Hornsby, 

Emil  Kessler, 

Michael  Longridge, 

John  McLachlan,    . 

Egbert  Augustus  Oldham 

Thomas  Ormiston,    . 

Thomas  Eoutledge, 

ElCHARD    ScHRAM, 

George  Stafford, 

William  Henry  Thornbery,  Jun., 

William  Andrew  McIntosh  Valon 


associate. 


David  Henry  H aggie, 


graduates. 
Herbert  Birkett, 
Thomas  Smith  Bright, 
Walter  Saunders  Paterson, 


Liverpool. 

Paisley. 

London. 

Dover. 

London. 

Oldham. 

London. 

Dublin. 

Java. 

Paris. 

Manchester. 

Grantham. 

Grantham. 

Esslingen. 

Manchester. 

Paisley. 

London. 

London. 

Sunderland. 

London. 

Nottingham. 

Birmingham. 

Eamsgate. 

Sunderland. 

Dartford. 

Carmarthen. 
London. 
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The  President  had  great  pleasure  in  announcing  several 
valuable  Donations  to  the  Library,  and  hoped  that  there  would 
be  an  increased  interest  felt  in  making  this  a  really  valuable  library 
of  reference.  It  was  rapidly  becoming  so,  and  with  the  help  of  the 
friends  of  the  Institution  he  believed  it  would  be  of  great  value  to 
the  members.  It  contained  some  important  works  which  were  very 
scarce  and  difficult  to  obtain;  and  a  number  of  good  scientific 
books  were  being  gradually  accumulated.  The  first  of  these 
donations  was  one  of  Ten  Guineas  from  the  Auditor,  Mr.  E,  A. 
McLean.  The  second  donation  had  been  presented  by  Messrs. 
Waring  Brothers,  the  owners  of  the  Institution  offices  in  Victoria 
Street,  Westminster,  and  consisted  of  a  nearly  complete  set  of  the 
Proceedings  of  the  Institution  of  Civil  Engineers.  The  third  was 
an  original  parliamentary  plan  of  the  Liverpool  and  Manchester 
Eailway,  given  by  Mr.  G.  B.  Eennie.  He  was  sure  the  members 
would  feel  that  their  thanks  were  due  to  these  gentlemen,  and  to  all 
who  thus  added  to  the  value  of  the  library. 


The  President  said  there  was  one  other  matter  to  which  he  had 
to  refer.  It  was  of  a  somewhat  painful  character,  and  he  was  sorry 
to  have  to  notice  it,  but  the .  Council  decided  that  it  could  not  be 
passed  over.  One  gentleman,  not  a  member  of  the  Institution,  had 
chosen  to  add  to  his  name  "  M.  I.  M.  E,"  which  of  course  meant 
"  Member  of  the  Institution  of  Mechanical  Engineers,"  though  the 
members  did  not  habitually  use  those  initials.  His  name  was 
Mr.  N.  P.  Burgh.  He  had  been  written  to  on  the  subject,  and  he 
had  stated  that  the  letters  did  not  mean  "  Member  of  the  Institution 
of  Mechanical  Engineers,"  but  "  Member  of  the  Institution  of  Marine 
Engineers."  He  (the  President)  believed  there  was  a  small  society 
of  that  name. 


The  President  then  read  his  Address  as  follows : — 


2  c  2 
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ADDRESS  OF  THE  PRESIDENT. 


Gentlemen — I  do  not  propose  on  the  present  occasion  to  trouble 
yon  with  any  long  history  of  the  progress  of  Mechanical  Engineering, 
as  you  have  had  at  previous  meetings  more  or  less  complete  resumes 
of  such  progress,  and  particularly  as  various  matters  press  themselves 
very  urgently  on  our  notice  at  the  present  time,  and  demand,  it 
appears  to  me,  very  serious  reflection  on  our  part.  I  allude  of  course, 
firstly  to  the  very  great  and  general  depression  in  trade  that  has 
now  held  its  dull  course  for  years ;  and  secondly  to  the  means  in 
our  power  that  are,  or  are  not,  being  taken  advantage  of,  to  promote 
the  manufactures  and  commerce  of  the  country. 

Now,  I  am  not  one  of  those  who  would,  for  a  single  moment,  think 
of  sitting  quietly  with  one's  hands  before  one,  and  saying,  "If 
"  foreigners  choose  to  do  the  work  which  we  have  been  in  the  haoit 
"  of  doing  exclusively  for  many  years,  and  thus  take  away  our  trade, 
"  we  cannot  help  it,  as  we  cannot  prevent  them  from  becoming  better 
"  educated  in  manufacturing  arts  than  they  were." 

But  let  us  examine  the  situation  frankly  and  fully,  and  see  the 
reasons  of  the  changes  that  have  undoubtedly  taken  place ;  and  we 
shall  find  that  one  of  the  j^rimary  causes  consists  in  the  fact 
(which  I  ventured  to  allude  to  on  a  previous  occasion)  that  during 
the  thirty  years'  war  on  the  Continent  very  little  attention, 
comparatively  speaking,  was  given  to  manufacture,  because  the 
populations  were  much  engaged  in  preparing  for  fighting,  and  in 
actual  warfare,  and  in  tilling  the  ground  for  a  bare  subsistence.  But 
before  considering  the  present  era,  let  us  glance  (and  glance  only) 
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at  the  fact,  that  in  bygone  times  it  was  much  the  fashion,  if  some 
ingenious  engineer  were  required  for  a  special  work,  such,  for 
instance,  as  making  a  dock,  or  a  bridge,  draining  fens,  or  other 
imblic  works,  to  call  in  a  Dutchman,  or  an  Italian,  or  other  foreigner  ; 
so  that  we  must  not  say  that  in  those  days  England  always 
produced  just  the  men  that  were  wanted,  though  for  a  very  long  period 
now,  I  am  thankful  to  say,  the  first  engineers  in  the  world  have 
been  produced  in  this  country. 

I  merely  mention  this  fact  at  starting,  in  order  forcibly  to  keep 
in  view  the  changes  that  can  and  do  take  place  in  the  supply  of  the 
talent  necessary  for  public  works,  and  for  the  vigorous  prosecution 
of  the  manufactures  and  commerce  of  a  country. 

I  think  it  is  advantageous  and  wholesome  for  us  sometimes  to 
look  around,  and  to  examine  and  reflect  on  what  has  made  this  country 
the  manufacturing  and  successful  country  that  it  is,  and  what  is 
now  wanting  to  enable  us  to  continue  to  hold  that  proud  position 
securely. 

I  am  well  aware  that  some  thinking  men  consider  that  technical 
education,  such  as  is  given  in  Germany,  is  what  is  wanting  in 
this  country ;  and,  although  I  think  much  more  than  this  is  needful, 
I  give  all  honour  to  the  earnest  men  who  are  striving  to  promote 
technical  education  in  London,  and  in  all  the  large  cities  and  towns  of 
England.  I  need  hardly  mention  the  name  of  Mr.  Bramwell,  your 
Past-President,  and  the  leading  men  in  some  of  the  richest  City 
guilds,  as  amongst  the  most  forward  in  this  good  work ;  there  being 
now  about  £12,000  a  year  spent  in  this  cause,  besides  large  sums 
that  have  been  given  to  inaugurate  the  schools. 

But,  at  the  risk  of  my  being  said  to  repeat  a  matter  that  I 
mentioned  when  I  had  the  honour  of  taking  this  chair,  I  do  most 
emphatically  call  the  attention  of  manufacturers  generally  throughout 
the  country  (not  of  mechanical  engineers  only)  to  the  advantages 
that  they  would  reap,  if  they  generally  and  systematically  threw 
more  enterprise  into  their  business,  and  showed  greater  interest  in 
investigating  and  adopting  new  improvements  in  manufactures. 

I  will  attempt  to  illustrate  my  meaning,  and  to  cite  a  few 
-examples  of  real  enterprise,  and  the  immense  effects  they  have  had 
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on  the  manufacture,  tlio   commtTcc,  and   the  vciy  position  of  this 
country  amongst  nations. 

Take  for  instance  tlio  new  manufacture  wLicli  has  made  this 
important  town,  and  is  its  chief  industry,  (and  is,  in  fact,  the 
cause  of  our  being  assembled  here  to-day).  I  allude  of  course  to 
the  Bessemer  manufacture ;  and  one  reason  why  I  call  it  "  the 
Bessemer  manufacture"  is,  that  we  owe  to  its  author  not  only 
the  invention,  but  also  the  introduction  of  the  steel,  when  made,  into 
the  market.  For  it  is  well  known  that  manufacturers  had  not  the 
enterprise  to  take  up  the  invention  and  prosecute  it  to  a  perfect 
success,  until  Sir  Henry,  then  Mr.  Bessemer,  and  certain  capitalists, 
had  spirit  enough  to  go  into  the  business ;  when,  with  the  further 
assistance  of  Mr.  Mushet's  manganese,  it  was  soon  an  accomplished 
fact,  that  good  steel  could  be  made  in  immense  quantities  at  a  cost 
altogether  unheard  of  before.  Here  we  see  gentlemen,  altogether 
outside  the  trade,  giving  the  country  an  essentially  good  thing, 
and  providing  work  for  thousands  of  our  artisans.  The  introduction 
of  the  Siemens  process,  for  very  mild  steel,  also  deserves  especial 
notice,  and  the  steel  is  in  great  demand.  I  believe  it  is  to  such 
efforts  as  these,  and  to  such  enterprise  as  we  shall  see  developed 
here  at  the  Steel  Works,  the  Shipbuilding  Works,  the  Docks,  the 
Jute  Works,  &c.,  that  we  may  look  for  the  retaining  and  increasing 
of  our  trade  and  commerce. 

If  not  wearying  you  too  much,  I  should  wish  to  allude  to  a  few 
other  inventions  and  enterprises,  which,  as  every  thinking  man  must 
admit,  have  had  a  like  effect  on  manufactures  and  commerce ;  and 
I  must  at  the  same  time,  and  in  common  justice,  mention  other 
cases  in  which  the  British  manufacturer  has,  I  am  sorry  to  say, 
been  lamentably  behind  in  the  race  of  improvement.  I  have  in 
my  lifetime  seen  the  whole  of  the  railways  in  the  kingdom  under 
construction,  with  the  exception  of  the  Stockton  and  Darlington,  and 
the  Liverpool  and  Manchester,  and  the  latter  I  went  down  to  see 
the  first  year  after  its  construction;  so  that  I  have  taken  note 
of  a  very  large  number  of  what  are  commonly  called  "modern 
improvements " ;  and  I  may  perhaps  also  name  a  few  of  those  that 
were  young  when  I  was'a  lad. 
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There  is  no  doubt  but  that  we  are  largely  indebted  to  our  rich 
natural  resources  in  mineral  wealth,  such  as  coal,  clay,  lime, 
salt,  stone,  iron,  lead,  copper,  tin,  &c.  &c.,  whilst  another  very 
important  factor  is  the  natural  wit  and  industry  of  the  English 
character,  which  is  so  different  in  many  respects  from  the  lethargic, 
versatile,  or  idle  character  of  some  other  nations  ;  and  I  argue  that, 
in  view  of  these  facts,  it  would  indeed  have  been  a  shame,  if  many 
good,  new,  and  useful  results  had  not  been  produced,  though  I 
maintain  that  many  more  might  have  been  generated,  had  more 
enterprise  and  less  conservatism  in  old  ways  been  shown. 

One  of  the  earliest  and  most  marked  improvements,  in  the 
conveyance  of  merchandise  of  all  kinds  inland,  was  the  large 
development  of  canals  by  Brindley,  at  once  reducing  the  cost  per 
mile  from  about  lOd.  to  Id. :  so  that  the  materials  produced  in  one 
part  of  the  country  were  able  to  be  transferred  to  other  parts,  where 
it  was  possible  to  utilise  them ;  and  merchandise  could  also  be 
conveyed  to  large  towns  or  ports  for  shipment.  This  improvement 
tended  largely  to  develop  the  resources  of  the  country,  and 
greatly  to  assist  those  who  were  principally  dependent  upon 
agriculture.  The  successful  exertions  of  Smeaton,  in  improving 
water-wheels  and  windmills,  did  much  to  supply  the  country  with 
power  for  grinding  and  pumping,  as  well  as  for  forge  and  tilt 
hammers,  and  for  blowing  engines  in  iron-works ;  but  the  amount 
of  water-power  available  in  the  country  is  comparatively  small, 
far  too  small  to  meet  the  necessities  of  manufacturers.  The  next 
vast  step  in  improvement  was  undoubtedly  the  introduction  of  the 
steam-engine,  first  by  Newcomen  simply  for  pumping,  and  secondly 
by  Watt  for  general  purposes,  thereby  immensely  stimulating  the 
old  manufactures  of  the  country,  and  giving  rise  to  many  new  ones. 
The  case  of  Watt  is  one  which  clearly  shows  the  advantage  of  the 
patent  laws  in  stimulating  invention,  by  enabling  the  inventor  to 
reap  a  portion  of  the  advantage  of  his  own  discovery ;  for  it  was 
distinctly  the  fact  of  his  having  a  patent  that  caused  his  moneyed 
partner,  Boulton,  to  persevere  in  bringing  the  invention  to  bear  on 
an  extensive  scale.  And  here,  in  passing,  I  may  call  attention 
to  the  fact,  that  fourteen  years  was  not  enough  to  develop  the  most 
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useful  invention  of  our  times,  and  that  another  fourteen  years  was 
given.  The  service  rendered  also  by  Trevithick,  in  the  introduction 
of  the  high-pressure  steam-engine,  was  much  more  important  than  is 
generally  acknowledged :  it  certainly  is  not  universally  known  that 
he  ran  a  locomotive  engine  on  a  circular  railway,  about  1804,  in  Euston 
Square,  (I  may  mention  that  my  own  father  saw  it  running  there, 
inside  an  inclosure,  and  it  ran  round  so  fast  as  eventually  to  leave 
the  rails). 

The  progress  of  improvement  in  manufactures,  after  the  invention 
of  Watt  was  brought  to  bear,  was  much  more  rapid.  Cotton-spinning 
was  quickly  improved  ;  Arkwright  introduced  his  spinning-frame ; 
Crompton  introduced  his  mule,  and  Roberts  his  self-acting  mule  ; 
and  finally  Cartwright  introduced,  the  power-loom.  The  manufacture 
of  soda  from  common  salt  was  introduced,  and  was  a  most  valuable 
invention.  The  paper-making  machine  was  invented :  bleaching 
and  dying  were  much  improved.  The  printing-machine  was 
brought  to  bear,  and  at  once  spread  knowledge  at  the  rate  of  1,200 
large  sheets  per  hour,  printed  on  both  sides,  in  place  of  small  sheets, 
only  printed  on  one  side,  at  250  per  hour :  I  trust  you  will  excuse 
my  mentioning  this  in  honour  of  my  late  good  father.  A  little  later 
the  Jacquard  or  figuring  loom  was  brought  forward ;  steam  navigation, 
and  later  on  ocean  steamers,  became  a  complete  success ;  and  pottery 
and  porcelain  were  much  improved  in  various  ways. 

Then  came  the  grand  strides  made  by  railways,  and  the  consequent 
cheap  and  quick  conveyance  of  passengers  and  materials  in  all 
directions,  thus  enabling  numbers  of  industries  to  be  established 
and  worked  with  advantage,  and  giving  employment  to  tens  of 
thousands.  In  shipping  it  only  required  experience  of  the  entire 
success  of  the  first  iron  ships,  the  Garry  Owen  and  Aaron 
Manhy,  to  give  iron  ships  a  firm  footing,  though  the  advocates  of 
wooden  ships  delayed  their  introduction  for  a  time.  At  the  present 
time,  the  immense  advantages  obtained  by  the  introduction  of  mild 
steel  in  ship-building  are  increasing  the  ship-building  trade  of  this 
country  in  a  remarkable  degree :  examples  of  this  we  shall  see,  I 
hope,  this  afternoon,  together  with  the  great  improvement  of  double- 
plating  the  bottom,  up  to  above  the  bilge. 
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The  great  economy  with  which  steam-ships  can  now  fetch  and 
carry  minerals  of  low  value,  in  enormous  quantities,  throughout  the 
world,  combined  with  the  immense  facilities  afforded  by  railways, 
enables  almost  any  kind  of  material  to  be  transferred  from  any 
one  spot  on  the  globe,  where  it  may  be  produced,  to  any  other 
point  where  it  may  most  economically  be  utilised,  and  where  real 
improvements  in  manufactures  may  be  made.  Great  effects  may 
thus  be  produced.  As  an  example,  some  of  the  most  sulphurous 
copper  ores  of  South  America,  which  formerly  were  not  worth  the 
transport  to  this  country,  are  now  used  in  immense  quantities,  owing 
to  the  invention  of  an  improved  furnace  for  roasting  them.  I  allude 
to  the  Gestenhofer  furnace,  in  which  the  burning  of  the  sulphur  from 
the  powdered  ore  accomjslishes  its  calcination. -,>  The  sulphurous 
vapour  thus  produced  is  used  to  make  sulphuric  acid,  and  the  acid 
employed  to  make  soda  out  of  common  salt.  I  merely  mention 
this  as  one  instance  among  hundreds  in  which  several  different 
manufactures  have  been  improved  at  the  same  time  by  one  simple 
invention. 

Telegraphs  then  came  to  our  aid,  to  facilitate  the  interchange  of 
information,  and  particularly  did  ocean  telegrax^hs  help  greatly 
in  the  more  important  communications  between  continents.  I  must 
not  here  dwell  upon  the  immense  variety  of  telegraph  instruments 
and  appliances,  whether  acting  by  codes,  read  by  the  eye  or  by 
the  ear,  or  writing  by  hand,  or  recording  by  a  line  ;  but  the  great 
acceleration  accomplished  by  duplex  and  quadruplex  signalling, 
through  one  wire  in  both  directions,  has  been  a  marked  improvement 
of  our  own  age,  and  contrasts  strongly  with  Professor  Wheatstone's 
original  four  wires,  with  the  rails  of  the  railway  (as  was  supposed) 
for  a  return  wire. 

Passing  on  to  the  most  recent  improvements,  we  shall,  I  trust, 
to-morrow  see  (and  for  the  first  time  in  England)  liquid  steel,  in 
ingot  moulds,  submitted  to  the  pressure  of  high-pressure  steam,  in 
order  to  compress  the  bubbles  of  gas  in  the  mass,  and  so  render  the 
ingot  more  sound ;  on  the  same  principle  as  is  employed  by  Sir  Joseph 
Whitworth  when  he  uses  hydraulic  pressure.  Another  very  interesting 
manufacture,  which  we  shall  have  full  opportunity  of  seeing,  is  the 
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Jute  mumifiicturc,  wliicli  has  risen  to  such  large  proportions,  that 
some  manufacturers  have  moved  their  establishments  to  India,  where 
the  jute  is  grown,  and  where  labour  is  very  cheap  ;  whilst  the  recent 
use  of  the  stumj^,  or  lower  par-t  of  the  jute  stalk,  for  paper  making, 
has  gone  some  way  to  reduce  cost.  Wire-rolling  mills  are  also  to  be 
seen  in  the  neighbourhood,  where  lengths  of  a  quarter  or  even  half  a 
mile  can  be  rolled  out  from  one  billet  ready  for  being  drawn. 
There  is  likewise  a  Hoffman  kiln  for  burning  bricks  in  the  most 
economical  manner,  by  utilizing  the  heat  of  bricks  that  have 
been  burnt  for  heating  up  bricks  to  be  burnt.  The  large  docks, 
with  immense  concrete  retaining  walls,  and  their  large  gates  and 
other  appliances,  will  be  found  well  worthy  of  attention  ;  and  Mr.  Joy's 
new  slide-motion  will  demand  careful  consideration,  particularly  in 
reference  to  its  application  to  locomotives,  an  excellent  specimen 
of  which  has  been  brought  here  by  Mr.  Webb,  with  the  motion 
applied  in  his  own  way,  and  with  the  last  improvement  in  a  slide- 
valve,  which  gives  a  double-quick  opening  at  •  the  beginning  of  the 
admission. 

I  find  my  time  running  short,  and  therefore  must  not  dwell  on 
other  improvements  in  machines  and  manufactures  which  have 
certainly  helped  the  commerce  of  this  country,  such  as  in  the 
preservation  of  food,  stereotype  printing,  the  preparation  of  india- 
rubber,  fog-signals,  gas  manufacture,  photography,  weaving,  plating 
metals,  machine  tools,  candle-making,  lace-making,  tea-rolling, 
machinery  for  lifting  weights,  hydraulic  machinery,  interlocking 
railway  signals  and  j)oiiits,  railway  brakes,  writing  instruments, 
sugar  machinery  both  for  cane  and  beet,  bolts  and  nuts,  screws, 
locks,  anchors,  steam-hammers,  lead  and  iron  pipes,  blast  furnaces, 
gun  cotton,  dynamite,  nitro-glycerine,  steel  masts  and  yards,  steering 
apparatus,  economical  engines,  microscopes,  telescopes,  spectroscopes, 
thennometers  for  discovering  icebergs  at  sea,  artificial  leather, 
agricultural  implements,  sinking  piles  by  means  of  a  jet  of  water, 
fire-engines,  &c. ;  and  I  may  perhaps  add  to  these  Sir  Henry 
Bessemer's  very  ingenious  idea  of  a  high-temperature  furnace,  with 
gases  under  pressure,  and  Dr.  Siemens'  elegant  experiment  of  melting 
steel  in  a  crucible  with  the  electric  cuiTent  generated  by  a  dynamo- 
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magnetic  machine  driven  by  an  engine,  and  his  plan  of  stimulating 
the  growth  of  plants,  by  making  them  grow  night  and  day  by  electric 
light. 

Perhaps  you  will  be  inclined  to  ask  me,  why  I  have  thus  conjured 
up  to  your  mind's  eye  a  number  of  inventions  and  improvements 
which  you  know  have  helped  to  make  England's  greatness  :  for  this 
reason,  that  I  want  manufacturers  to  appreciate  much  more  than  they 
do  at  present,  that  sucJi  vast  improvements  having  heen  made,  further 
important  steps  can  he  taJcen,  so  as  to  keep  England  always  in 
advance  of  all  other  nations  in  Manufactures  and  the  Arts,  if  only 
more  enterprise  and  energy  are  shown  in  taking  up  known  good 
things,  in  inventing  new  processes,  and  prosecuting  them  to  success. 

For  instance,  sewing  machines  ought  to  be  made  here,  and  I  urged 
English  makers,  years  since,  to  go  in  thoroughly  for  making  every 
part  accurately  and  by  machinery,  so  as  to  fit  together  at  once  without 
"fitting;"  but  I  could  not  get  this  carried  out,  and  now  sewing 
machines  come  from  America  literally  by  millions,  though  labour  is 
dearer,  metal  is  dearer,  and  there  are  upwards  of  3000  miles  of 
carriage  against  them.  But  ^'machine  manufacture"  is  cheaper  and 
better  than  "  hand-maJcingJ" 

In  gun-making  I  counselled  some  of  the  Birmingham  makers, 
years  before  they  did  anything  in  the  matter,  that  they  would  actually 
lose  their  trade  if  they  did  not  adopt  good  machinery  to  manufacture 
every  part  exact  to  size  ;  and  at  last,  when  the  Government  had  the 
means  of  doing  most  of  the  work,  they  did  adopt  machinery,  but  many 
years  too  late. 

Then  with  regard  to  common  pumps,  they  are  now  imported  from 
America  by  thousands,  and  are  sold  here,  without  being  commonly 
known  to  be  American ;  clocks  and  watches  also  come  in  immense 
numbers,  some  of  them  very  cheap  and  common,  whilst  others  arc 
very  well  made.  Another  trade,  nearer  perhaps  to  most  of  us,  is  that 
of  rolled  iron  girders,  which  I  am  sorry  to  say  are  coming  by  hundi'cds 
and  thousands  from  Belgium ;  indeed  almost  every  house  that  is  now 
built  in  London  with  rolled  iron  girders  is  supplied  from  Belgium. 
These  things  should  not  be  :  we  have  iron  in  plenty,  and  labour  in 
abundance,  but  we  want  special  machines^  schemed  as  fast  as  they  are 
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wanted,  to  fit  the  work  jiropcrly,  and  turn  it  out  accurately  in  largo 
quantities ;  and  we  should  show  more  enterprise  in  adopting  a  good 
"  new  thing,"  which  I  am  sorry  to  say  is  what  some  of  our  old- 
fashioned  manufacturers  are  slow  to  do,  often  little  knowing  how 
they  damage  the  trade  they  are  in  by  not  adopting  the  best  known 
process. 

Finally  I  venture  to  think,  that  one  of  the  best  results  of  our 
Institution  meeting  in  various  localities,  from  time  to  time,  as  wc 
do  to-day,  is  that  there  is  free  intercourse  between  those  who  are  in 
one  line  of  engineering  and  those  who  are  in  another  line ;  and  that 
such  comj)aring  of  notes  and  observations  as  natui-ally  takes  place  in 
conversation  is  most  conducive  to  the  obliteration  of  prejudices  and 
wrong  notions,  and  particularly  to  the  removal  of  the  illusion,  that 
what  is  now  being  done  cannot  be  improved. 

This  great  advantage  of  meeting  and  interchanging  ideas  was  fully 
contemplated  by  those  who  assisted  in  starting  this  Institution,  and 
it  is  most  gratifying  to  think  that  it  has,  on  reaching  maturity, 
attained  the  position  it  now  holds  in  the  mechanical  engineering  of 
the  world.  I  trust  sincerely  that  the  Institution  will  go  on  and 
prosper  for  many  a  long  year  after  we  have  all  departed  and  are 
forgotten,  and  that  it  will  aid  materially  in  advancing  the  manufactures 
and  commerce  of  this  country.  I  can  only  urge  further  upon  every 
Member,  Associate,  and  Graduate  to  strive  in  every  way  to  promote 
the  usefulness  of  the  Institution. 


Mr.  Edwaed  Williams  desired  to  propose  a  vote  of  thanks  to  the 
President  for  the  able  address  to  which  they  had  just  listened. 
They  had  been  reminded  in  a  very  candid  way  of  their  short-comings ; 
and  he  had  no  doubt  they  would  all  agree  that  they  very  often  did 
come  short  of  what  might  be  expected  of  them.  He  (Mr.  Williams) 
was  not  one   of  those   who  believed  that    they   were  lamentably 
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behind  their  foreign  friends,  or  that  foreigners  were  taking  from 
them  business  which  used  to  belong  to  this  country,  and  which 
it  might  legitimately  expect  to  hold.  His  view  of  the  case  was 
rather  that  the  world  required  very  much  more  than  this  little 
island,  were  it  ever  so  active  or  skilled,  could  possibly  supply. 
Speaking  for  the  manufacturers  of  iron  and  steel,  he  did  not  think 
it  could  be  fairly  said  that  they  had  fallen  behind  foreigners  during 
the  last  few  years.  The  Bessemer  process  had  been  taken  up  very 
early  in  this  country,  and  not  altogether  by  outsiders  to  the  trade, 
as  stated  by  the  President.  Within  a  very  short  time  of  the 
announcement  of  the  discovery  by  Mr.  Bessemer,  it  had  been  taken 
up  at  Dowlais,  and  carried  out  very  ably  and  vigorously  by 
Mr.  Menelaus.  Girders  also  were  made  at  Dowlais  as  well  as  they 
were  ever  made  abroad^  on  a  much  larger  scale,  and  at  a  lower 
price  ;  but  the  business  proved  unremunerative.  It  so  happened  that 
it  suited  the  Belgians  to  do  that  special  branch  of  trade,  and  they  were 
actually  nearer  London  than  most  of  the  English  manufacturers. 
He  was  not  finding  fault  with  anything  that  had  fallen  from  the 
President ;  but  he  desired  to  say  a  few  words  in  behalf  of  the 
manufacturers  of  this  country,  who  he  hoped  and  believed  were  not 
so  lamentably  behind  as  was  sometimes  made  to  appear.  Steadily 
the  volume  of  their  business  increased,  as  he  believed  it  would 
continue  to  increase ;  and  knowing  as  he  did  the  character  of  their 
workmen,  he  had  no  fear  of  being  left  behind,  either  in  the  discovery 
of  new  processes,  or  in  the  carrying  out  of  the  processes  that  had 
been  discovered  already. 

As  iron-workers  they  were  not  well  off  in  the  matter  of  mechanical 
appliances ;  and  they  ought  long  ago  to  have  got  into  the  habit  of 
doing  by  machinery  that  which  they  had  done  year  after  year, 
and  w^ere  still  doing,  by  manual  labour.  The  blame  for  that  state  of 
^hings  rested  with  the  mechanical  engineer,  and  not  with  the  iron- 
worker, who  wanted  more  mechanical  aid.  Speaking  therefore  not 
as  a  mechanical  engineer,  but  as  an  iron  and  steel  maker,  he  had 
to  complain  to  the  gentlemen  present  that  they  had  rather  lagged 
behind  the  requirements  of  their  business ;  and  he  hoped  they 
would   take   the   advice   of  the   President,   mend    their   ways,   and 
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provide  tlio  assistance  wanted  by  makers  of  iron  and  steel.  He 
bogged  to  proj)osc  that  the  best  thanks  of  the  Institution  be  given 
to  the  President  for  his  address,  and  trusted  he  would  allow  it  to 
be  i)rinted  in  the  Proceedings  of  the  Institution. 

Mr.  John  Robinson  said  he  had  much  pleasure  in  seconding  the 
motion.  The  speech  of  Mr.  Williams,  contrasted  with  the  address 
of  the  President,  illustrated  one  of  the  advantages  which  the 
President  had  pointed  out  in  such  meetings  as  the  present,  namely 
that  of  bringing  together  men  of  different  classes  of  mind.  He  had 
not  quite  understood  from  Mr.  Williams  the  reason  why  the  Dowlais 
works  had  given  up  the  manufacture  of  girders,  which,  as  the 
President  had  stated,  were  now  made  in  such  large  quantities  in 
Belgium  for  building  houses  in  London  and  elsewhere.  As  an 
Englishman  he  did  not  like  to  think  that  pig-iron  produced  in  this 
country  should  be  carried  across  to  Belgium,  and  then  brought  back 
in  the  shape  of  girders. 

With  reference  to  the  President's  address,  he  thought  they  all 
owed  him  a  debt  of  gratitude  for  recalling  to  them  what  they  were 
too  often  liable  to  forget,  namely  the  great  progress  which  the 
country  bad  made  in  manufacturing  and  engineering.  In  times  like 
those  through  which  they  had  recently  passed,  he  was  quite  sure 
they  required  all  the  encouragement  possible,  to  stimulate  them 
in  making  further  progress,  instead  of  sitting  down  and  saying, 
"  We  cannot  go  any  further  ourselves,  but  must  leave  other  nations 
to  take  up  the  race  where  we  have  left  off."  He  hoped  that  would 
never  be  said  of  England  ;  and  that  if  some  of  them  were  too  old  to 
make  progress,  those  who  were  younger  would  rise  up  and  follow  in 
the  good  path  indicated  by  the  President  in  his  valuable  address. 
He  had  great  pleasure  in  seconding  the  vote  of  thanks  proposed  by 
Mr.  Williams. 

Mr.  W.  Menelaus  said  it  had  been  asked  why  the  manufacture  of 
girders  at  Dowlais  had  been  given  up.  They  had  commenced  that 
manufacture  very  early:  happening  to  be  in  Paris  he  had  seen 
large  numbers  of  such  girders  being  used.     As  trade  was  not  very 


August  1880.  PRESIDENT'S  ADDRESS.  323 

flourishing,  he  built  a  mill  for  the  purpose  of  rolling  those  girders ; 
but  when  they  went  into  the  trade,  English  architects  would  not 
adopt  girders,  as  he  expected  they  would  do,  in  their  buildings,  so 
that  there  was  positively  little  or  no  demand  for  them.  They  had 
orders  of  10  tons  or  12  tons  at  a  time ;  some  wagon-builders  had 
ordered  as  much  as  50  tons ;  but  the  trade  would  not  answer.  They 
sold  the  girders  cheap  enough,  but  there  was  little  or  no  demand  for 
the  article  ;  and  that  being  so,  and  the  steel  trade  coming  in,  he  had 
converted  the  machinery  for  rolling  steel ;  abandoning  the  girder 
trade  to  the  Belgians,  who  he  hoped  had  found  it  profitable.  It  had 
paid  them  at  Dowlais  as  far  as  it  went,  and,  if  they  had  been 
encouraged  by  English  architects,  they  would  have  been  rolling 
girders  at  the  present  day ;  but,  after  persevering  for  years,  they  had 
converted  their  machinery  into  something  for  which  there  really  was 
a  demand,  and  he  thought  they  were  fully  justified  in  the  course 
they  had  adopted. 

Again,  when  Mr.  Bessemer  introduced  his  process  to  their  notice, 
he  had  not  perfected  it ;  and  though  they  carried  out  his  instructions 
at  Dowlais  it  was  not  a  success.  Mr.  Bessemer  then  went  away  and 
very  manfully  worked  his  process  out  in  another  part  of  the  country ; 
and  as  soon  as  he  had  perfected  his  process,  they  Were  ready  to  start, 
and  they  had  gone  on  ever  since  with  a  fair  amount  of  success  and 
some  profit. 

The  vote  of  thanks  was  put  to  the  meeting,  and  carried  by 
acclamation. 


The  following  paper  was  then  read : — 
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ON    THE    DOCKS    AND    RAILWAY    APPROACHES 
AT    BARROW-IN-FURNESS. 


By  Mr.  F.  C.  STILEMAN,  of  London. 


The  title  of  this  paper  was  adopted  from  a  suggestion  of  the 
Secretary,  with  the  omission  of  one  word — the  epithet  "  new  "  :  the 
reason  for  this  omission  being  that  the  whole  of  the  Town,  Docks, 
and  Railway  at  Barrow-in-Furness  are  new,  the  Act  of  Parliament 
incorporating  the  Furness  Railway  having  been  passed  in  1844,  the 
Dock  Act  in  1863,  and  the  Town  having  been  incorporated  in  1867. 
The  Author  has  had  the  privilege  of  being  professionally  connected 
with  most  of  the  engineering  works  of  the  town,  and  of  watching  its 
rise  and  progress  from  the  time  of  its  foundation.  As  a  pupil  of  the 
late  Mr.  J.  R.  McClean,  he  was  instructed  to  find  his  way  to  Barrow, 
the  means  of  doing  so  not  being  recorded  in  Bradshaw,  and  to  set  out 
the  railway  between  Barrow  and  Piel  to  Dal  ton  and  Kirkby.  The 
contract  for  this  portion  of  the  railway  was  taken  by  Messrs.  John 
and  William  Tredwell  in  1844.  The  line  was  opened  in  June  1846, 
for  the  carriage  of  iron  ore  and  slate,  which  was  shipped  from  a  small 
T  headed  wooden  pier  erected  by  the  Railway  Company  at  Rabbit  Hill 
Point,  about  the  site  of  the  present  Barrow  station.  At  this  time  the 
mineral  owners  would  not  undertake  to  guarantee  the  Railway  Company 
a  traffic  of  75,000  tons  of  iron  ore  per  annum ;  but  soon  after  the 
opening  of  the  line  a  great  development  of  the  iron  ore  traffic  took 
place,  and  this  quantity  was  increased  fom-fold.  By  degrees  the 
railway  system  has  been  developed,  and  various  other  lines  have 
been  absorbed,  now  forming  together  the  Furness  Railways,  which 
run  from  Lancaster,  via  Carnforth,  to  Barrow  and  Whitehaven, 
and  combine  business  with  j)leasure  traffic,  the  latter  to  Windermere 
and  Coniston  lakes.     The  requirements  of  this  district  now  demand 
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quick  communication  witli  London,  Liverpool,  Manchester,  and  Leeds, 
which  is  supplied  by  the  express  through  trains  of  the  London 
<&  North  Western  and  the  Midland  Railway. 

In  Fig.  1,  Plate  33,  is  shown  a  general  plan  of  the  railway 
approaches,  docks,  and  sea  highway;  and  Fig.  2,  Plate  34,  is  a 
larger  plan  of  the  docks,  together  with  the  chief  features  of  the 
town  of  Barrow. 

The  first  harbour  authorities  (the  Barrow  Harbour  Commissioners) 
were  constituted  under  the  Act  of  1848.  The  powers  therein  granted 
becoming  inadequate  to  the  rising  port,  the  Commissioners'  authority 
was  enlarged  in  1855,  and  became  vested  in  the  Furness  Railway 
Company  in  1868 ;  and  by  the  same  Act  power  was  also  given  to 
construct  docks.  The  construction  of  the  docks  then  authorised, 
situate  between  Barrow  and  Barrow  Island,  was  let  in  1865  to 
Messrs.  Brassey  and  Field.  The  docks  have  been  named  after  the 
two  Dukes,  Devonshire  and  Buccleuch,  the  chairman  and  deputy- 
chairman  of  the  Furness  Railway ;  and  were  formally  opened  on  the 
19  September  1867  with  great  public  enthusiasm. 

The  Devonshire  and  Buccleuch  docks  have  together  a  water  area  of 
65  acres.  Their  length  is  5500  feet,  and  width  500  feet,  with  a  depth 
of  24  feet.  They  are  entered  through  a  basin  500  feet  in  length  by 
150  feet  in  width,  worked  by  a  pair  of  double-skinned  wrought-iron 
gates,  60  feet  wide  in  the  clear,  and  by  a  wrought-iron  caisson. 
Adjoining  and  parallel  with  the  basin  is  a  graving  dock,  capable  of 
taking  a  vessel  of  5500  tons  burthen. 

The  north  side  of  the  Devonshire  dock  was  allocated  to  traffic  in 
grain,  jute,  &c.,  and  the  shipment  of  steel  rails  and  haematite  pig 
iron ;  the  princij^al  portion  of  the  south  side  being  reserved  for,  and 
now  used  by,  the  Barrow  Shipbuilding  Company  and  the  timber 
trade  :  whilst  the  Buccleuch  dock  was  more  particularly  reserved  for 
the  shipment  of  iron  ore  and  timber,  a  trade  generally  carried  on  in  a 
smaller  class  of  vessels.  Under  these  circumstances  the  entrance 
between  the  two  docks  was  made  40  feet  Avide,  or  20  feet  less  in  width 
than  the  entrance  into  the  basin. 

In  1872  the  railway  company  obtained  an  Act  authorising  an 
extension  of  their  docks,  which  was  completed  and  opened  in  May  of 

2  D 


326  BARROW   DOCKS.  AuGUST  1880. 

last  year.  Tliis  extension,  called  tlio  Ramsdcn  dock,  has  been 
named  after  the  managing  director  of  the  Furness  Railway ;  and  the 
Author  trusts  it  will  he  a  lasting  tribute  to  the  energy  of  Sir 
James  Ramsden.  The  access  to  this  dock  affords  a  second  way 
into  the  entire  system  of  docks ;  it  is  through  a  basin  900  feet  in 
length  by  250  feet  in  width,  having  an  area  of  8  acres,  into  a  lock 
700  feet  long  by  100  feet  wide,  and  nearly  2  acres  in  area ;  and 
thence  into  the  Ramsden  dock  and  basin  of  56  acres  of  water  area. 
Besides  this  a  further  area  of  200  acres  has  been  enclosed  for  the 
Cavendish  dock  and  quays.  The  minimum  width  of  the  entrance 
to  these  docks  is  100  feet.  The  outer  cills  are  placed  6  feet 
lower  than  those  of  the  Devonshire  basin ;  while  those  at  the  upper 
end  of  the  lock,  or  second  entrance  to  the  docks,  are  at  the  same 
level  with  the  cills  of  the  Devonshire  basin. 

The  masonry  of  the  basins,  lock,  and  docks  is  built  of  red 
sandstone,  chiefly  obtained  from  Hawcoat  quarry,  IJ  mile  distant. 
In  the  construction  of  the  basin  and  quay  walls  a  large  amount  of 
concrete  has  been  used  in  various  proportions,  the  most  usual  being 
1  part  of  hydraulic  mortar  made  from  Aberthaw  pebbles,  and  6  parts 
of  gravel  or  shingle,  taken  from  the  southern  end  of  Walney  Island. 
In  Figs.  3  to  5,  Plate  35,  are  shown  sections  of  these  walls.  In  tidal 
work,  the  excavation  for  the  foundations,  where  trenched,  was  removed 
by  buckets  and  skips,  and  the  concrete  was  put  in  position  by  the 
same  means.  Concrete  was  also  passed  down  through  telescopic 
wrought-iron  tubes ;  but  it  was  found  that  the  cement  floated  to  the 
top  of  the  tube,  and  this  plan  was  ultimately  abandoned  in  favour  of 
the  skips. 

The  invert  of  the  lock  is  built  of  blue  Flintshire  bricks  ;  the  cills, 
hollow  quoins,  and  copings  of  Cornish  granite.  The  slopes  of  the 
outer  embankments,  reclaiming  the  land  for  the  site  of  the  docks,  are 
at  2  to  1,  and  are  pitched  with  12-in.  sandstone  pitching  laid  on 
12  in.  of  clay  puddle,  the  interstices  being  filled  with  broken  stone. 
This  mode  has  also  been  adopted  for  some  of  the  inner  slopes.  As 
trade  requires  it,  jetties  will  be  built  out  to  the  foot  of  the  inner 
slope  for  vessels  to  lie  alongside.  The  foundations  proved  very 
variable ;   some  of  the  walls,  especially  a  great  part  of  the   outer 
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channel  wall,  are  erected  on  piles  and  flooring,  as  shown  in  Fig.  3, 
Plate  35 ;  other  portions  have  piles  driven  as  a  sheeting  in  front  of 
the  masonry.  Amongst  other  means  used  for  excavating  the  dock, 
the  steam  navvy  was  successfully  employed ;  its  employment  in  stiff 
clay  and  gravel  is  very  economical,  saving  much  cost  in  getting.  The 
work  done  by  a  10  horse-power  "navvy"  per  day  was  600  to  800 
cubic  yards  filled  into  wagons. 

The  basin  and  dock  gates  are  of  wrought  iron,  segmental  in  form, 
and  struck  to  a  radius  of  75  ft.  6  in.,  with  a  versed  sine  of  21  ft. 
The  sea  gates  are  plated  to  a  greater  height  than  the  others,  so 
as  to  exclude  the  equinoctial  tides  from  the  docks.       Each  leaf  of 
these   gates   is   57   feet    in    length,   measured    on    the   arc.      The 
framing   consists    of   H -shaped   built    ribs,    placed  horizontally   at 
various  heights  according  to  the  water-pressure  they  have  to  sustain, 
and  connected  at  five  points  by  vertical  frames,  similar  in  shape  to 
the  ribs.     At  the  back  of  each  alternate  rib  is  fixed  a  horizontal 
lunette  frame,  tied  and  braced  vertically  at  the  five  upright  frames. 
At  the  back  of  the  gate,  and  attached  to  the  framing  at  every  point 
of   intersection,    are    two    diagonal    bars,   supporting  and  bracing 
together  all  the  framing  of  the  gate.     The  main  ribs  are  plated  on 
the  outside  up  to  the  water  level  of  the  dock.     The  heel  and  mitre 
posts  and  the  clapping  cills  are  of  grecnheart  timber.     The  centre 
of  the  heel  post  is  set  slightly  eccentric  with  the  centre  to  which 
the  hollow  quoin  is  worked ;  so  that  in  opening  the  gate  the  heel 
post  is  at  once  freed  from  the  masonry.     The  pivot,  and  the  top 
and  bottom  shoes  of  the  heel  posts,  are  of  cast  steel.     The  gate  is 
anchored  back  to   the   masonry  by  a  wrought-iron  strap,  passing 
through  a  massive  cast-iron  anchor  plate,  which  is  built  into  the 
masonry   and   secured   by   long   wrought-iron   ties.      Each  gate  is 
provided  with   one   cast-steel   roller,    2  ft.    6  in.    diameter,    placed 
47  ft.  6  in.  from  the  heel  post,  and  carried  by  a  vertical  shaft  having 
adjusting  keys  at   the    top.      The  weight  of  one  sea  gate,    57  ft. 
long  and  36  ft.  high,  is  107  tons ;  and  the  gross  weight,  including 
the  pivot,  anchor  plate,  straps,  roller-path,  &c.,  is  127  tons.     Each 
gate  is  provided  with  a  single  chain  attachment  for  opening  and 
closing,  and  with  four  sluices  acting  in  pairs.     There  is  a  gangway 
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at  the  top,  and  that  across  one  pair  of  gates  is  made  sufficiently  wide 
for  vcliiclcs. 

The    railway    and    road    approaclics    across    the    docks   aro   as 
follows,  as  shown  in  the  plan,  Fig.  2,  Plate  34  : — 

1st.  The  north  road,  crossing  the  inner  end  of  tlic  Devonshire 
basin  by  a  lifting  and  rolling  bridge,  GO  ft.  clear  span  and  13  ft.  wide. 
2nd.  The  middle  road  between  the  Devonshire  and  Buccleuch 
docks,  for  vehicles  only,  formerly  passing  over  a  40-ft.  swing-bridge, 
in  two  leaves  worked  by  hand-power.  This  entrance  is  now  being 
widened  to  80  ft.,  and  the  bridge  is  proposed  to  be  a  rolling  one  at  a 
higher  level. 

3rd.  The  Buccleuch  dock  bridge  between  the  Buccleuch  and 
Eamsden  docks,  crossing  an  opening  of  80  ft.,  in  two  leaves.  It  is 
separated  for  railway  traffic,  vehicles,  and  foot-passengers,  and  has 
an  aggregate  width  of  31  ft.  The  general  construction  of  this 
bridge  is  shown  in  Figs.  6  to  13,  Plates  36  to  38.  The  gross  weight 
of  each  leaf  is  116  tons,  carried  on  a  pivot  P,  by  means  of  a  pair  of 
spring  girders  G  G.  This  arrangement  relieves  the  dead  weight  of 
the  bridge  off  the  bearings  B,  Fig.  10,  which  are  in  advance  of  the 
pivot;  whilst  the  spring  girders  yield  sufficiently  to  allow  of  the 
bridge  taking  all  its  bearings  under  a  passing  load.  The  two  leaves 
are  connected  in  closing  by  a  groove  and  key,  Fig.  9,  having  a  slight 
draw,  which  maintains  the  ends  of  the  leaves  in  level  and  direction. 

An  80-ft.  fixed  bridge  is  provided  across  the  opening  from  the 
Eamsden  into  the  Cavendish  dock  (at  present  to  be  used  as  a  timber 
pond),  for  the  road  to  the  cattle  lairs,  slaughter-house,  and  chill  room 
on  the  Foreign  Animals  wharf. 

Nearly  all  the  machinery  for  working  the  gates,  sluices,  capstans, 
cranes,  pumps,  bridges,  grain  elevators  and  bands,  &c.,  is  worked  by 
hydraulic  power,  transmitted  from  two  stations;  one  near  the 
Devonshire  dock  entrance,  the  second  near  the  Eamsden  dock  entrance, 
Fig.  2,  Plate  34.  An  intermediate  accumulator  is  fixed  near  the  100-ton 
crane  of  the  Devonshire  dock.  Nearly  all  the  hydraulic  machinery 
and  plant  has  been  provided  and  erected  by  Sir  William  Armstrong 
and  Co.  The  100-ton  crane  was  also  arranged  to  lift  7-ton  loads, 
working  over  the  same  roller  path ;  this  has  not  been  found  to  be  an 
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economical  arrangement,  since  the  whole  dead  weight  of  the  crane 
has  to  travel  over  the  roller  path  whether  for  the  greater  or  lesser 
load. 

Barrow  harbour  is  protected  for  its  whole  area  by  the  Isle  of 
Walney,  which  is  about  10  miles  in  length,  as  seen  in  Fig.  1, 
Plate  33.  The  chief  entrance  is  at  Piel,  at  the  southern  end, 
where  the  rise  of  tide  is  28  feet  at  springs,  and  21  feet  at 
neaps,  equinoctial  tides  rising  to  33  feet.  The  Furness  Eailway 
Company  for  the  last  ten  years  have  carried  on  extensive  dredging 
operations,  emj^loying  four  steam-dredgers,  steam-barges,  and 
pontoons,  in  straightening  and  deepening  the  channel  between  Piel 
and  the  Devonshire  dock  entrance.  The  result  is  shown  in  Fig.  1, 
Plate  33,  where  the  strong  dotted  lines  mark  the  new  channel.  A 
bar  at  the  entrance  to  Piel  is  now  being  removed  to  a  depth  of 
13  feet  below  low- water  of  ordinary  spring  tides;  and  this  work, 
when  completed,  will  enable  vessels  of  the  largest  class  to  enter  early 
and  follow  up  the  tide  to  the  docks. 


Discussion. 


Mr.  T.  Ormistox  had  long  heard  of  the  Barrow  Docks  as  very 
extensive  and  successful,  and  as  another  proof  of  the  great  energy 
which  some  of  the  nobility  had  thrown  into  the  extension  of  public 
works  in  the  country.  He  hoped  therefore  it  would  not  be 
considered  that  in  what  he  was  about  to  say  he  was  criticising  the 
works  in  an  unfavourable  spirit,  and  he  spoke  under  the  disadvantage 
of  not  having  yet  been  over  the  works ;  all  that  he  desired  was  to  elicit 
information  and  provoke  discussion.  One  thing  that  he  should  like 
to  know  was  why  the  graving  dock  at  the  Devonshire  entrance  had 
been  placed  outside  ;  because  in  a  general  way  it  was  considered  that 
the  great  advantage  of  having  a  graving  dock  in  connection  with  a 
wet  dock  was  that  repairs  to  ships  could  be  made  without  going 
outside  of  the  wet  dock. 
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It  appeared  to  Lira  that  the  ileep  entrance  to  the  Eanisden  Lasin 
was  excellent,  but  that  the  raising  of  the  inner  lock  cill  G  ft.,  or  to 
the  same  level  as  the  Devonshire  cill,  had  prevented  the  full  use 
of  the  large  area  of  docks  inside ;  and  he  should  be  glad  of  further 
information  on  that  question. 

Another  question  he  should  like  to  ask  was  why  the  entrance  had 
been  made  so  wide.  Since  paddle-steamers  had  been  given  up  for 
the  sea-going  trade,  it  was  generally  held  that  nothing  like  the  width 
of  100  ft.  was  required.  He  did  not  know  any  steamer  afloat  of 
anything  like  that  width,  except  perhaps  the  Great  Eastern ;  and  it 
was  not  worth  while  to  make  exceptional  arrangements  for  one  ship. 
There  was  no  ship  that  he  knew  of  having  more  than  62  ft.  beam 
over  all.  In  a  dock  which  he  had  lately  finished  he  had  designed 
the  width  to  be  60  ft. ;  but  he  was  overruled,  and  it  was  made  ^Q)  ft., 
which  he  thought  was  wider  than  necessary.  At  Liverpool  he 
believed  the  standard  width  of  entrance  was  now  only  60  ft.  If  the 
width  was  made  more  than  was  amply  sufficient,  that  meant  heavier 
gates  and  heavier  works  generally,  costing  of  course  a  great  deal  more 
money. 

Finally  he  should  like  to  ask  whether  any  silting  took  place  in 
the  channel,  outside  the  docks ;  and  if  so,  how  that  was  met. 

Mr.  W.  G.  Strype  would  confine  the  observations  he  had  to 
make  to  certain  matters  of  detail,  as  the  scope  of  Mr.  Stileman's 
excellent  paper  was  so  large,  and  the  subject  so  extensive.  He  would 
refer  especially  to  the  mode  in  which  the  quay  walls  were  constructed. 
The  paper  stated  that  the  plan  of  running  the  concrete  in  by  means 
of  tubes  had  been  abandoned  in  favour  of  the  old  plan  of  lowering 
the  concrete  by  skips.  The  tube  plan  appeared  to  be  simple  and 
economical,  and  capable  of  being  successfully  employed  if  proper 
precautions  were  taken  ;  and  one  of  the  most  important  of  these  was 
that  the  concrete  should  be  poured  into  the  tube  in  very  large 
quantities  and  as  uniformly  as  possible,  and  some  special  arrangements 
should  be  made  to  ensure  this.  The  extensive  and  successful  use  of 
concrete  in  the  construction  of  quay  works  such  as  described  in  the 
paper  had  of  late  received  great  attention ;  and  the  plan  of  putting 
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the  concrete  hi  situ,  had  met  with  so  much  favour  with  engineers  as 
to  lead  them  to  look  forward  to  the  time  when  the  use  of  large 
concrete  blocks,  with  their  extensive,  cumbrous,  and  costly  plant, 
would  be  a  thing  of  the  past.  For  irregular  foundations  and  uneven 
bottoms  there  was  everything  in  favour  of  placing  the  concrete 
in  situ.  It  would  therefore  be  very  interesting  to  have  a  little  more 
information  as  to  the  reasons  that  had  led  to  the  use  of  tubes  being 
discontinued ;  and  also  some  description  of  the  method  employed, 
which  was  not  found  to  answer ;  if  the  tube  arrangement  could  be 
successfully  employed,  it  would  be  of  considerable  advantage  in 
depositing  concrete  in  great  depths  of  water.  He  should  like  to 
ask  in  what  depth  of  water  the  concrete  was  deposited  in  the  present 
instance.  The  rise  and  fall  of  tide  was  considerable,  and  he  should 
like  to  know  how  the  panels  were  constructed,  the  method  of  placing 
them  and  staunching  them  at  the  bottom  ;  and  also  to  what  height 
with  respect  to  the  rise  of  the  tide  they  were  carried  up  before  the 
cement  was  filled  in,  and  to  what  extent  in  advance  of  the  work  the 
paneling  was  projected. 

Mr.  G.  B.  Eennie  asked  why  the  three  sections  of  dock  wall 
in  Plate  35  showed  such  different  modes  of  construction :  Fig.  3 
being  half  rubble-masonry  ;  Fig.  4  almost  entirely  lime-concrete ; 
and  Fig.  5  rubble-masonry  and  lime-concrete,  with  cement-concrete 
at  the  bottom.  Also  what  was  the  object  of  the  trench  of  cement- 
concrete  shown  at  the  bottom  of  Fig.  4.  Further  it  was  stated  in 
the  paper  that,  amongst  other  means  used  for  excavating  the  dock, 
the  steam-navvy  had  been  successfully  employed.  Would  Mr. 
Stileman  kindly  state  what  was  the  relative  cost  of  excavating  by  the 
steam-navvy  as  compared  with  hand-labour  ? 

Sir  James  Ramsden,  in  the  absence  of  Mr.  F.  C.  Stileman,  would 
answer  some  of  the  general  questions  that  had  been  asked,  leaving 
Mr.  Stileman's  son  to  reply  to  matters  of  detail.  With  regard  to  the 
construction  of  the  graving-dock  at  the  Devonshire  entrance,  he 
quite  agreed  in  the  view  taken  by  Mr.  Ormiston,  that  the  entrance 
should  have  been  from  the  dock  itself ;  but  in  the  early  days  of  the 
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(locks  economy  had  been  ouc  of  the  first  things  to  be  attended  to.  It 
had  been  found  that  the  foundations  of  the  north-east  corner  of  the 
Devonshire  dock  were  very  bad ;  there  was  a  thick  deposit  of  peat, 
and  other  unfavourable  material,  and  therefore  the  cheapest  mode  of 
access  to  the  graving-dock  was  found  to  be  from  the  sea. 

With  reference  to  the  great  width  of  the  entrance  to  the  new 
dock,  he  ventured  to  diiFer  from  Mr.  Ormiston,  though  with 
considerable  diffidence.  Although  it  was  a  fact  that  vessels  were 
now  being  built  without  paddles,  there  were  other  circumstances 
connected  with  the  working  of  the  dock  which  practical  men  would 
at  once  aj^preciate.  Much  longer  vessels  now  frequented  the  port, 
since  the  improvement  of  the  channel  and  the  opening  of  the  new 
docks ;  and  it  was  imjoortant  that  these  should  be  docked  as  quickly 
as  possible,  not  only  with  a  view  to  the  safety  of  the  vessels,  but  also 
with  a  view  to  getting  as  many  vessels  as  possible  in  and  out  of  the 
docks  on  the  tide.  It  was  found  from  experience  that  the  60-ft. 
width  of  entrance  at  the  Devonshire  dock  might  be  very  much 
improved.  After  considerable  enquiry  the  directors  came  to  the 
conclusion  that  100  ft.  was  the  best  width  for  that  particular  tide- 
way ;  and  this  had  been  proved  in  the  most  satisfactory  manner  by 
experience  in  working  the  dock.  They  now  found  that  ships  of  any 
length  might  enter  the  dock  practically  without  putting  a  rope 
ashore ;  and  this  was  due  entirely  to  the  great  width  of  the  entrance. 
Where  there  was  a  narrow  entrance,  it  was  necessary  that  the  ship 
should  practically  be  brought  to  a  right  angle  with  the  tide- way 
before  she  could  enter ;  but  with  the  present  wider  entrance,  a  slight 
alteration  of  the  helm  made  the  vessel  describe  the  arc  of  a  circle, 
and  she  was  not  at  right  angles  with  the  stream  until  she  was 
practically  within  the  entrance  of  the  basin.  Again  there  was  an 
enormous  area  of  dock  at  the  back  of  the  entrance,  so  that  it  was 
desirable  to  contemplate  the  admission  of  ships  in  very  large 
numbers ;  and  it  had  been  foimd  by  experience  that  one  vessel  could 
enter  and  another  leave  the  basin  at  the  same  time.  That  of  course 
was  due  to  the  extra  width,  which  would  no  doubt  save  the  additional 
entrances  that  must  otherwise  have  become  necessary  in  the  course  of 
time. 
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With  regard  to  tlie  question  of  silting,  tlie  water  in  Barrow 
harbour  was  all  pure  sea-water ;  there  was  no  alluvial  deposit,  and 
consequently  no  silt.  The  bottom  of  the  channel  was  hard  material  ^ 
gravel  and  clay.  Moreover  the  Island  of  Walney  gave  a  double 
entrance,  both  north  and  south ;  and  it  was  a  curious  fact  that^ 
owing  to  the  meeting  of  the  waters  of  the  Atlantic  and  the  Irish 
Channel  immediately  opposite  Morecambe  Bay,  the  level  of  the  tide  at 
Piel  was  2  ft.  higher  than  it  was  at  the  estuary  of  the  Duddon,  nine 
miles  further  north.  Hence  for  two  hours  after  high  water  the  tide 
was  running  to  the  north,  and  when  the  water  returned  it  was  as  clear 
as  crystal,  so  that  any  mud  moved  by  the  flowing  tide  was  washed  away 
into  the  sea  to  the  north.  The  dredging  work  had  been  very  much 
facilitated  by  the  scouring  power  of  the  tide.  All  that  the  dredgers 
had  done  had  been  to  remove  the  hard  clay  and  gravel,  the  tide  washing 
away  the  finer  material.  He  believed  that  two-thirds  of  the  material 
removed  had  been  washed  away  by  the  operation  of  the  tide. 

With  reference  to  Mr.  Ormiston's  question  about  the  level  of 
the  water  in  the  docks,  he  might  point  out  that  the  docks  were  fed 
by  a  stream  of  water  called  the  Abbey  Beck,  which  stream  practically 
maintained  a  depth  of  24  ft.  of  water  in  the  docks  at  all  times. 
This  level  was  the  same  as  that  of  high-water  spring  tides,  i.e, 
30  ft.  over  the  outer  cills;  at  neap  tides,  when  the  high-water 
level  was  below  this,  vessels  were  admitted  when  necessary  into 
the  docks  by  locking.  Experience  had  taught  that  it  would  have 
been  better  if  the  inner  cill  of  the  lock  had  been  lower,  from  the 
fact  that  since  the  dock  was  designed  vessels  had  become  longer 
and  deeper.  In  all  that  had  been  done  at  Barrow  they  had 
endeavoured  to  advance  with  the  times ;  but  by  the  time  they 
had  carried  a  plan  out,  they  always  found  themselves  behind  the 
requirements  of  trade.  He  had  only  to  add  that  the  whole  works 
had  been  carried  out  by  Mr.  Stileman  in  the  most  satisfactory  manner 
to  the  directors  of  the  company,  and  that  nothing  could  be  improved 
in  the  way  of  practical  details. 

Mr.  Fkank  Stileman  explained  that  the  section  Fig.  3,  Plate  35, 
was  built  outside  the  entrance  and  was  tidal  work  ;  Fig.  4  was  the  return 
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wall  ill  tlic  basin  and  was  all  done  witli  navvy  work ;  Fig.  5  was 
tlio  section  of  the  Anchor  Line  basin-wall,  where  the  same  amount 
of  work  in  masonry  could  never  have  been  completed  in  anything 
like  the  time.  The  trench  shown  at  the  bottom  of  Fig.  4  was  made 
to  get  the  concrete  through  a  layer  of  gravel  down  on  to  a  good 
bottom.  With  regard  to  the  material,  all  the  tidal  work  outside  was 
in  cement-concrete,  and  that  inside,  in  the  dry,  was  in  lime-concrete. 
AVith  regard  to  the  cost  of  the  steam-navvy  and  of  manual  labour,  in 
the  hard  stuff  in  which  these  docks  were  excavated  the  cost  was 
found  to  be  4c?.  per  cubic  yard  for  the  steam-navvy,  as  compared 
with  Is.  2d.  for  manual  labour.  These  prices  in  both  cases  included 
the  lead,  but  not  coal  for  the  steam-navvy.  No  doubt  on  railways,  in 
remote  places  where  men  and  lodgings  were  difficult  to  get,  the  saving 
would  be  still  greater. 

In  regard  to  the  question  that  had  been  asked  wdth  reference  to 
X>assing  concrete  down  wrought-iron  tubes,  the  tubes  were  made  30  ft. 
long  and  2  ft.  diameter,  and  in  three  telescopic  pieces  of  10  ft.  each, 
to  enable  them  to  be  raised  or  slung  as  required :  it  having  been 
determined  not  to  carry  the  concrete  higher  than  3  ft.  at  a  time. 
These  tubes  held  a  considerable  amount  of  concrete  ;  and  it  was 
found  that,  during  the  process  of  filling,  a  portion  of  the  cement 
made  its  way  out  through  the  joints  in  the  form  of  scum,  leaving  the 
first  portion  of  each  tide's  work  with  less  cement  in  it  than  there 
should  be.  Working  as  they  were  at  14  ft.  below  low  water,  it  was 
found  impossible  to  make  the  joints  water-tight.  Under  these 
circumstances  the  method  of  building  was  altered.  A  steam  crane 
was  floated  alongside  the  piling ;  the  gravel  and  cement  were  also 
brought  alongside  in  barges,  and  the  concrete  was  mixed  on  these 
barges,  and  lowered  by  the  crane  into  the  foundations,  in  Appleby's 
hopper-bottom  buckets.  It  would  thus  be  seen  that  the  concrete  was 
still  deposited  in  situ  ;  it  w^as  only  the  method  of  doing  so  that  had 
been  altered. 

With  regard  to  dredging,  they  had  raised  by  dredgers  alone  from 
3,000,000  to  4,000,000  cubic  yards.  The  quantity  raised  varied 
according  to  the  time  of  year ;  but  taking  it  all  the  year  round, 
the    cost   was    about   h^d.   per   yard   actually   raised.       Taking   it 
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however  from  Sir  James  Ramsden's  point  of  view,  i.e.  including  the 
quantity  removed  by  the  scour,  tlie  cost  was  reduced  to  somewhere 
about  2d.  per  yard. 

In  reference  to  the  construction  and  testing  of  the  steel  spring 
girders  of  the  Buccleuch  dock  bridge,  Plate  38,  their  top  and  bottom 
flanges  were  of  steel  boiler-plates,  18  in.  wide  and  1 J  in.  thick ;  and 
the  webs  were  of  Butterley  channel  iron,  3J  in.  wide  on  the  flanges, 
9  in.  deep,  and  J  in.  thick.  They  were  riveted  up  with  steel  rivets  1  in. 
diam.,  the  rivet-holes  being  rimered  out  when  necessary,  so  that  the 
rivets  entirely  filled  the  holes.  The  girders  were  constructed  vdth.  a 
reversed  camber  of  2  in. ;  and  each  when  finished  was  accurately 
tested  on  bearings  25  ft.  apart  in  the  following  manner,  the  results 
being  registered.  A  load  of  32  tons  was  applied  at  the  centre,  and 
the  deflection  and  permanent  set  were  noted.  Successive  loads 
increased  by  10  tons  at  a  time  were  then  applied,  and  each  time  were 
wholly  taken  off  again,  until  62  tons  load  was  reached.  This  load 
was  then  applied  again  and  again  repeatedly,  until  no  further 
permanent  set  was  produced.  The  deflections  were  then  noted  both 
at  55  tons  and  at  62  tons  load,  and  were  found  to  amount  to  ly^^  in. 
under  the  former  and  If  in.  under  the  latter.  The  spring-girders 
rested  direct  on  the  pivot,  and,  when  out  of  strain,  had  a  reversed 
camber  of  2  in. ;  so  that  when  no  moving  weight  was  on  the  bridge, 
the  spring  of  the  girders  lifted  the  bridge  off  its  front  bearings ;  but 
the  girders  were  so  adjusted  that  when  a  train  came  on  they  yielded 
enough  to  let  the  bridge  down  on  its  front  bearings,  while  it  was 
fixed  at  the  heel  end  by  two  wedge-shaped  keys,  fitted  into  jaws 
bolted  to  the  masonry,  as  shown  in  Fig.  8,  Plate  37.  In  opening  the 
bridge,  the  force  required  to  start  each  leaf  was  found  to  be  30  cwts. 

The  PRESiDEi^T  proposed  a  vote  of  thanks  to  Mr.  Stileman  for  his 
valuable  paper,  which  was  passed  by  acclamation. 


The  following  paper  was  then  read  :- 
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OX   THE   STEAM-SHir   "CITY   OF   ROME." 


By  INIk.  JAMES  HUMPHliYS,  of  Barrow-in-Furness. 


The  following  paper  is  a  brief  description  of  the  great  Steam- 
ship for  the  Inman  line,  which  is  now  to  be  seen  in  course  of 
construction  on  the  stocks  of  the  Barrow  Shipbuilding  Company. 

Perhaps  the  spirit  and  enterprise  of  British  commerce  have  never 
been  more  fully  illustrated  than  in  the  wonderful  development  of 
the  mercantile  marine  in  recent  years.  In  1870  the  total  tonnage 
of  British  steam-shipping  was  1,111,375  tons,  but  the  returns  for  the 
year  187G  show  it  to  have  increased  to  2,150,302  tons ;  and  from  that 
time  to  the  present  it  has  been  increasing  still  more  rapidly.  Not 
only  has  the  total  tonnage  increased  to  this  enormous  extent,  but 
the  advance  that  has  been  made  in  increasing  the  size  of  vessels 
has  been  immense  ;  and  in  no  quarter  has  this  feature  been  more 
remarkable  than  in  the  great  passenger  lines  of  the  Atlantic.  One 
of  the  foremost  amongst  these  has  always  been  the  Inman  line, 
which  already  possesses  in  the  City  of  Berlin  the  vessel  of  largest 
tonnage  at  present  in  existence,  with  the  exception  of  the  Great 
Eastern;  and  whose  steamers,  with  their  high  speed  and  excellent 
accommodation,  are  inferior  to  none  in  the  world  for  the  comfort  and 
convenience  of  passengers. 

With  a  view  of  still  further  providing  for  the  comfort  and  swift 
transport  of  the  rapidly  increasing  numbers  who  cross  the  Atlantic 
between  New  York  and  Liverpool,  the  Inman  Steam-ship  Company- 
decided  some  little  time  since  to  order  a  vessel  which  should  combine 
the  highest  rate  of  speed  with  the  maximum  of  comfort  and  luxury : 
a  speed  but  little  inferior  to  that  of  railway  travelling,  and  luxury 
and  comfort  such  as  can  be  found  only  in  the  most  completely 
appointed  modern  hotels. 
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To  fulfil  these  conditions  it  was  deemed  necessary  that  the 
vessel  should  be  of  very  much  greater  dimensions  than  any  ship 
then  belonging  to  the  Company ;  and  after  the  most  careful 
deliberation  it  was  considered  advisable  to  go  to  a  size  of  at  least 
8000  tons.  The  dimensions  finally  adopted  were,  length  between 
perpendiculars,  546  ft. ;  length  over  all,  600  ft. ;  extreme  breadth, 
52  ft.  8  in. ;  depth  of  hold,  37  ft.  The  great  length  as  compared 
with  the  breadth  ensured  long  easy  lines  for  the  high  speed  required ; 
and  the  depth  of  hold  being  only  37  ft.,  as  compared  with  the  beam 
of  52  ft.,  ensured  great  stability  and  consequent  comfort  for  the 
passengers. 

General  Features. — These  are  indicated  by  the  general  drawings, 
Figs.  1  to  5,  Plates  39  to  41.  It  will  be  seen  that  the  distinctive  type 
of  the  Inman  line  has  not  been  departed  from  in  respect  of  the  perhaps 
old-fashioned  but  still  handsome  profile,  with  clipper  bow,  figure-head, 
and  bowsprit.  For  the  figure-head  is  proposed  a  full-length  figure 
of  one  of  the  Koman  Caesars,  in  the  imperial  purple.  The  whole  of 
the  headwork,  with  this  exception,  will  be  formed  in  iron,  to  save 
the  cost  and  trouble  of  continually  renewing  the  head-rails,  &c., 
when  made  of  wood. 

The  vessel  is  to  be  rigged  with  four  masts.  Fig.  1 ;  and  here  again 
the  handsome  full  ship-rig  of  the  Inman  line  has  been  adhered  to,  with 
the  addition  of  the  fore-and-aft  tigged  jigger-mast,  rendered  necessary 
by  the  enormous  length  of  the  vessel.  She  will  have  three  funnels, 
each  painted  with  the  Company's  white  band.  The  profile  drawing. 
Fig.  3,  Plates  40  and  41,  gives  a  view  of  the  general  arrangement  of 
the  vessel,  of  her  four  complete  tiers  of  beams,  and  of  the  run  of  the 
promenade  and  turtle  decks,  with  the  hurricane  deck-house  towering 
above  all.  A  point  calling  for  special  notice  is  the  large  number  of 
separate  compartments  formed  by  water-tight  bulkheads,  each 
extending  to  the  main  deck.  The  largest  of  these  compartments 
are  only  about  60  ft.  long;  and  supposing  that,  from  collision  or 
other  cause,  one  of  these  was  filled  with  water,  the  trim  of  the 
vessel  would  not  be  materially  affected. 
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With  a  view  of  giving  still  further  safety  in  the  event  of  collision 
or  stranding,  the  boilers,  as  shown  in  Figs.  6  and  7,  Plate  42,  are 
arranged  in  two  boiler-rooms,    entirely   separated   from   each   other 
by    means   of    a   water-tight    iron   bulkhead.      This    reduces   what 
in  nearly  all  full-powered  steam-ships  is  a  vast  single  comi)artment 
into    two  of   moderate   size,  60   ft.    in  length ;    and   in  the    event 
of    either    boiler-room    being    flooded,    it    still    leaves    the   vessel 
with  half  her  boiler  power  available,  giving  a  speed  of  13  to   14 
knots    per    hour.      There   is   also   the   usual  water-tight   bulkhead 
separating   the  engine-room   from    the  after   boiler-room.     Another 
feature    of    great    importance   is   the    disposition    of    the    boilers. 
They  are  eight  in  number,  of  the  double-ended  form,  and  arranged 
fore  and  aft  in  four  blocks  of  two,  with  the  transverse  bulkhead 
already  mentioned  between   the  central  blocks.     This  arrangement 
provides  for  the  bulk  of  the  coal  being  carried  in  the  sides  of  the 
vessel ;  and  advantage  is  taken  to  make  the  bunkers  form  part  of 
the  structure.     As  shown  by  the   plan,   Fig.  7,  they  extend   in  a 
straight  line  the  entire  length  of  the  space  occupied  by  the  boilers, 
and,  on  one  side,  of  that  occupied  by  the  engines  also  ;  and,  being  in 
the  same  line  with  the  outer  side  keelsons,  they  are  incorporated 
with  them,  forming  two  strong  longitudinal  girders,  as  shown  in  the 
transverse  sections,  Figs.  8  and  9,  Plate  43.    These  add  considerably 
to   the   strength   of   the    ship   in  the  most   important   part,  where 
in    many    vessels   there    is    rather    a    loss    than    an    accession    of 
strength.      It    is   intended    further    to    make    these    bunkers    and 
keelsons   water-tight,    and   so  to   form   an  inner  skin,    which    will 
afford   admirable   protection  to   the  boilers  and  machinery  in  case 
of  the  vessel  being  cut  into  amidships — an  accident  that  In  ordinary 
vessels  almost  invariably  causes  instant  foundering.     These  bunkers, 
and  all  the  bulkheads,  are  fitted  with  proper  water-tight  doors,  which 
will   be   of  the   type   adopted   by  the   Admiralty.     These  will  be 
worked  both  from  the  main-deck  and  from  below,  and  will  be  fitted 
with  tell-tales  on  deck,  to  show  clearly  whether  they  are  open  or 
closed. 

At  the  fore  end  a  double  bottom  has  been  arranged  in  Nos.  1  and 
2  cargo  holds,   for   a   distance  of  150  ft.  from  the  stem,  Fig.    3, 


August  1880.  STEAM-SHIP   "  CITY   OF   ROME."  33J> 

Plate  40.  This  is  filled  with  water-ballast,  and  will  add 
greatly  to  the  safety  of  the  ship  in  the  event  of  her  stranding  on 
a  rock  or  suffering  a  bow-on  collision,  as  the  bow  is  thereby  greatly 
strengthened,  and  the  risk  of  water  getting  into  the  vessel  reduced. 
The  sizes  of  the  forward  compartments  generally  are  also  small 
compared  with  the  general  dimensions.  Constant  care  has  thus  been 
taken  in  working  out  the  arrangements,  to  provide  as  far  as  j)ossiblo 
against  the  dangers  of  collision  or  other  accident. 

Structural  Details. — The  stern  frame  or  post.  Fig.  3,  Plate  41,  now 
making  at  the  Mersey  Steel  and  Iron  Works,  will  be  the  largest  single 
forging  ever  made  for  such  a  purpose  :  the  finished  weight  is  estimated 
to  be  not  less  than  33  tons,  as  compared  with  18  tons  in  the  stern 
post  of  the  Furnessia  of  5500  tons,  also  building  in  the  yard. 

The  framing  of  the  vessel  is  of  the  ordinary  type,  the  floors 
being  34  in.  deep  at  the  centre  line.  The  frames  are  in  one  length 
from  centre  line  to  gunwale,  and  are  of  angle-irons  7  in.  x  4  in., 
and  60  ft.  in  length.  The  reverse  frames  are  also  in  one  length  of 
4  in.  X  4  in.  angle-iron.  The  butts  of  the  frames,  reverse  frames, 
and  floors,  are  all  carefully  shifted  from  one  another.  The  whole 
of  the  beams  are  of  the  Butterley  bulb  sections,  each  rolled  in 
one  length.  The  vessel  has  two  complete  iron  decks  above ;  while 
the  lower  deck  is  complete  for  half  the  length,  and  has  wide  platino- 
on  each  side  for  the  remainder.  She  has  nine  tiers  of  keelsons, 
as  shown  in  the  transverse  section,  Fig,  8,  Plate  43,  all  running 
right  fore  and  aft;  the  five  central  ones  are  of  uniform  height,  so 
as  to  be  carried  unbroken  through  the  boiler  seatings. 

The  shell  plating,  shown  in  Figs.  10  and  11,  Plate  44,  is 
arranged  on  a  principle  that  has  been  applied  with  great  success 
to  all  the  large  transatlantic  steamers  which  have  been  built 
in  Barrow.  The  inside  plates  form  a  complete  skin,  fitted 
accurately  edge  to  edge  and  butt  to  butt,  with  covering-plates, 
half  the  width  of  the  inside  strakes,  fitted  outside.  By  this 
arrangement  the  shearing  strains  on  the  riveting  are  greatly 
diminished;  and  the  plating  in  the  way  of  the  outside  covering 
strakes  being  doubled,  thinner  plates  are  used  than  with  the  ordinary 
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mode  of  plating  as  per  Lloyd's  rules,  and  much  sounder  and 
closer  work  is  thereby  ensured.  The  butt  straps  for  the  whole  of 
tlio  joints  of  the  inside  strakcs  are  extended  over  the  edge  of  the 
plating,  as  shown  dotted  at  BB,  Fig.  10.  The  joints  of  the  outside 
strakes  arc  also  fitted  with  butt  straps  on  the  inside  of  the  inside 
strakes,  extending  the  full  width  of  the  outside  strakes,  as  shown 
dotted  at  SS. 

The  hold  stanchions  are  arranged  in  two  rows,  one  on  each  side 
of  the  centre-line,  the  better  to  support  and  strengthen  the  hjng 
beams.  The  whole  of  the  deck-houses,  turtle-decks,  and  other  erections 
on  the  upper  deck  are  of  iron,  to  stand  the  strains  of  an  Atlantic 
winter.  The  scantlings  had  to  be  considered  specially,  and  have 
been  approved  both  by  Lloyd's  and  by  the  Liverpool  Eegistry,  the 
vessel  being  built  under  the  special  surveys  of  both  societies  for  the 
highest  class  of  ocean  steamers. 

.Engines  and  Boilers. — The  question  of  propelling  this  great 
vessel  at  so  high  a  speed  as  it  is  anticipated  will  be  obtained — 
namely  18  knots  per  hour — was  one  that  demanded  long  and  very 
careful  consideration.  It  was  ultimately  decided  that  it  would  be 
better  to  adhere  to  the  single-screw  arrangement,  and  to  adoi)t  a 
propeller  24  ft.  in  diameter,  driven  by  three  sets  of  what  are 
technically  known  as  Inverted  "  Tandem  "  engines,  working  on  three 
cranks  disposed  at  angles  of  120°  with  one  another. 

The  "  tandem "  engine,  as  is  well  known,  has  the  high-pressure 
cylinder  H  placed  in  a  line  behind  or  above  the  low-pressure 
cylinder  L,  Fig.  8,  Plate  43.  This  arrangement  was  adopted  in 
preference  to  other  types  of  three-crank  engines,  in  which  the 
powers  developed  are  not  so  uniform,  in  order  that  absolutely  equal 
efforts  might  be  given  out  by  each  of  the  three  engines,  thus  ensuring 
a  perfectly-balanced  and  evenly-working  machine  :  it  is  expected  that 
when  these  engines  are  nicely  adjusted,  they  will  work  almost  without 
noise. 

The  general  arrangement  of  the  parts  is  shown  in  Fig.  8. 
Each  high-pressure  cylinder  is  carried  upon  three  wrought-iron 
columns,  thus  giving  plenty  of  light  and  easy  access  to  the  stuffing- 
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boxes;  and  also  enabling  the  cylinder  covers,  which  are  made  in 
halves,  to  be  readily  withdrawn,  should  it  be  desired  to  examine  or 
repair  the  cylinders  or  pistons.  The  slide-valves  W  are  driven  by  an 
independent  shaft  S,  worked  by  two  pairs  of  mortice  wheels,  one  at 
each  end  of  the  engines  :  an  arrangement  which  has  the  advantage  of 
requiring  comparatively  small  eccentrics.  Moreover,  as  the  valve 
faces  are  disposed  towards  the  front  of  the  engines,  as  shown  in  Figs. 
7  and  8,  this  arrangement  makes  them  very  accessible. 

The  crank-shaft,  Plate  45,  is  to  be  a  built  shaft,  and,  together 
with  the  screw  shafting,  is  being  made  by  Sir  Joseph  Whitworth 
&  Co.  of  their  fluid-compressed  steel.  The  shafting  is  made  hollow, 
and  by  the  following  process,  which  must  ensure  perfect  soundness. 
Each  length  is  made  from  a  hollow  cylindrical  ingot,  which,  while 
in  the  molten  state,  is  subjected  to  a  heavy  hydraulic  pressure,  thus 
ensuring  the  exclusion  of  all  gases,  and  thoroughly  consolidating 
the  entire  mass.  The  ingot  is  afterwards  re-heated  and  placed  on  a 
mandril ;  and  is  then  forged  and  drawn  by  hydraulic  pressure,  until 
it  ultimately  assumes  the  form  of  a  double -collared  shaft.  This 
process,  in  the  writer's  opinion,  is  the  only  one  that  can  ensure 
really  sound  and  perfect  shafting.* 

The  leading  particulars  of  the  engines.  Figs.  6  to  8,  Plates  42 
and  43,  are  as  follows  : — 

There  are  three  high-pressure  cylinders  43  in.  diam.,  and 
three  low-pressure  cylinders  86  in.  diam.,  all  6  ft.  stroke.  The 
diameter  of  the  crank-shaft  is  25  in.,  and  of  the  crank-pins  26  in. 
The  length  of  the  main  bearings  is  33J  in.,  and  of  the  crank-pins 
28  in.  The  crank-shaft,  as  built  up  complete,  will  weigh  64  tons ; 
had  it  been  made  of  iron  and  solid  the  weight  would  have  been 
73  tons.  The  propeller  shafting  is  24  in.  diam.,  and  the  hole 
through  it  14  in.  diam.  The  thrust  shaft  has  thirteen  collars,  39  J  in. 
diam.,  giving  a  surface  of  6000  sq.  in.  This  piece  of  shafting  will 
weigh  17  tons.  The  propeller  shaft  is  25  in.  diam.,  and  30J  ft.  long, 
and  will  weigh  18  tons.  The  engine  bed-plate  will  weigh  100  tons. 
The  cooling  surface  of  the  condensers  CC,  Fig.  8,  is  17,000  sq.  ft., 

*  See  further  particulars  in  discussion,  page  351. 
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equal  to  nearly  17  miles  of  tubing.  There  are  two  air-pumps  AA, 
39  in.  diam.  and  3  ft.  stroke  ;  and  two  double-acting  circulating 
pumps,  26  in.  diam.  and  3  ft.  stroke ;  these  pumps,  and  the  feed  and 
bilge  pumps,  are  worked  by  levers  attached  to  the  aft  and  forward 
engines,  as  shown  in  Fig.  8.  There  is  also  a  large  centrifugal 
pumping  engine,  which  can  either  be  used  for  pumping  heavy  leaks 
or  can  also  discharge  through  the  condenser.  There  are  three 
auxiliary  pumping  engines,  for  feeding  the  boilers,  for  bilge  pumping, 
and  for  deck  purposes. 

Steam  is  supplied  by  eight  cylindrical  tubular  boilers,  fired  from 
both  ends,  Figs.  6  to  9,  Plates  42  and  43.  Each  boiler  is  14  ft.  mean 
diameter,  and  19  ft.  long,  with  a' steam  receiver  13  ft.  long  and  4  ft. 
diam. ;  and  has  six  furnaces  3  ft.  9  in.  diam.,  three  at  each  end, 
Fig.  9 :  so  that  there  are  forty-eight  furnaces  in  all.  The  fire-bars 
are  6  ft.  long,  giving  a  grate  surface  of  1080  sq.  ft.  The  shell  plates 
of  the  boilers  are  of  iron,  supplied  by  Sir  John  Brown  and  Co. ;  thej^ 
are  24  ft.  8  in.  long,  4  ft.  4 J  in.  wide,  and  IJ  in.  thick,  and  weigh 
nearly  2 J  tons  each ;  all  the  rivet  holes  are  drilled.  The  internal 
parts  are  of  Bowling  iron  ;  and  each  furnace  has  its  own  separate 
combustion  chamber.  These  boilers  are  constructed  for  a  working 
pressure  of  90  lbs.  per  sq.  in. 

The  engines  are  intended  to  work  constantly  at  8,000  indicated 
horse-power,  although  they  are  capable  of  developing  10,000  horse- 
power indicated. 

Internal  Arrangements. — The  general  arrangements  of  the 
passengers'  and  officers'  quarters,  &c.,  are  indicated  by  the 
longitudinal  section  and  plans.  Figs.  3,  4,  and  5,  Plates  40  and  41. 
The  promenade  deck  carries  at  the  fore  end  the  saloon  skylight. 
In  the  hurricane  deck-house  the  captain's  and  chief  officer's  cabins 
are  placed,  close  to  the  steering-house  and  look-out  bridge,  so  that 
they  are  always  near  in  case  of  necessity.  Abaft  this  is  the 
upper  saloon  companion,  and  abaft  this  again  the  large  upper 
smoking  room,  which  is  a  novel  feature  in  this  ship :  it  'being 
thought  advisable,  in  view  of  the  large  number  of  passengers,  to  fit 
two  smoking  rooms,  each  with  separate  stair  to  the  cabin  deck.    In 
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tlie  after  deckhouse  is  a  deck  saloon  or  loiiuge  for  ladies,  which 
will  be  fitted  up  in  the  most  elegant  manner,  and  will  prevent  the 
necessity  of  going  below  in  showery  weather.  Abaft  this  is  a 
companion  leading  to  the  after  end  of  the  sleeping  cabins.  At  the 
sides  of  this  hurricane  deck  will  be  carried  twelve  lifeboats,  one 
of  which  will  be  fitted  as  a  steam  launch.  On  this  deck  are  also 
placed  the  capstans,  and  at  each  of  the  cargo  hatchways  are  the 
steam-winches  for  working  the  cargo. 

On  the  upper  deck,  Fig.  4,  commencing  at  the  fore  end,  Plate  40, 
is  the  steam-windlass  for  working  the  anchors  and  cables  ;  and  in 
the  compartments  on  each  side  of  the  bow,  accommodation  is  provided 
for  the  crew  and  firemen.  At  the  after  end  of  the  turtle  deck  are 
all  the  washhouses  and  other  fittings  for  the  accommodation  of  the 
emigrants  in  the  forward  part  of  the  vessel,  together  with  cabins  for 
the  petty  officers,  and  stores  &c.  for  the  ship.  Next  comes  the  upper 
saloon,  or  drawing-room,  for  the  use  of  passengers.  This  apartment, 
which  will  be  fitted  up  very  handsomely  with  lounges  round  the  sides, 
is  in  the  form  of  a  wide  gallery  with  a  large  rectangular  opening  into 
the  dining  saloon  below,  thus  giving  great  height  and  light  to  the 
latter  apartment.  Above  this  opening  is  a  large  skylight,  richly 
ornamented ;  at  the  fore  end  will  be  a  grand  piano,  and  at  the  after 
end  the  grand  staircase  leading  to  the  dining-room  below.  Proceeding 
aft  we  come  to  the  gallies,  sculleries,  bakery,  and  other  offices,  all  of 
which  will  be  fitted  with  the  best  cooking  ranges,  &c.  Kext  is  the 
lower  smoking  room,  which  will  be  fitted  similarly  to  the  upper ;  the 
paneling  of  these  rooms  will  probably  be  in  wainscot  oak,  the  floors 
laid  in  mosaic  pavement,  and  the  upholstery  in  morocco  leather. 
Abaft  this  are  the  rooms  for  the  officers  and  engineers,  which,  being 
exceptionally  large  and  lofty,  will  be  unusually  comfortable.  Under 
the  after  turtle  deck  is  the  accommodation  for  hospitals,  lavatories, 
and  other  offices  for  emigrants,  who  are  berthed  in  the  after  'tween 
decks.  At  the  extreme  after  end  is  the  wheel-house,  where  will  be 
placed  the  steam  steering-gear,  with  a  very  strong  hand  steering-gear, 
to  be  used  in  case  of  the  steam-gear  breaking  down.  The  steam-gear 
will  be  controlled  by  means  of  shafting  from  the  bridge  ;  from  which 
there  will  be  also  a  telegraphic  communication,  should  it  be  desired 
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to  steer  the  vessel  from  aft.  A  largo  quadrant  of  wrouglit-iron  Is 
attached  to  the  rudder  stock,  and  is  jirovided  with  deep  grooves  iu 
which  the  steering  chains  work. 

On  the  main  deck,  Fig.  5,  commencing  at  the  fore  end,  Phate  40,  are 
two  comi^artments  for  the  accommodation  of  about  260  emigrants.  A 
special  feature  in  this  vessel  is  that  the  berths  are  arranged  in  single,, 
instead  of  double  tiers,  each  tier  being  separated  from  the  next  by  a 
passage  with  large  side-liglit  at  the  end.  This  adds  greatly  to  the 
ventilation,  light,  and  comfort  of  the  passengers.  The  height  in  the 
'tween  decks  is  9  ft.  Next  comes  the  grand  dining  saloon,  72  ft.  long, 
52  ft.  wide,  and  9  ft.  high,  or  17  ft.  in  the  way  of  the  large  opening 
through  the  drawing-room  above.  This  opening,  surmounted  by  the 
skylight,  forms  a  very  effective  and  elegant  relief  to  the  otherwise 
flat  and  heavy  ceiling.  It  is  intended  that  the  paneling  and  decorations 
shall  be  highly  artistic,  and  quite  unique  ;  special  designs  are  now 
in  course  of  preparation.  There  will  be  three  large  and  fourteen 
small  diniug-tables,  the  large  tables  being  arranged  longitudinally  in 
the  central  part  of  the  saloon,  and  the  small  tables  at  right  angles 
in  the  sides  :  an  arrangement  that  will  enable  the  attendants  to  wait 
more  readily  on  the  diners,  and  will  also  break  the  monotony  that 
would  exist  if  all  the  tables  presented  long  continuous  rows  of 
j)eople.  Each  diner  will  have  his  own  revolving  arm-chair,  and 
accommodation  will  be  provided  for  seating  248  persons  at  once.  A 
large  American  organ  will  be  fixed  at  the  fore  end  of  this  room. 
Opening  off  through  double  spring  doors  is  the  foot  of  the  grand 
staircase,  under  which  will  be  fixed  a  handsome  American  luncheon 
bar  with  the  usual  fittings ;  beyond  is  the  saloon  pantry,  which^will 
communicate  with  the  kitchen  above  by  means  of  two  lifts. 

On  each  side  of  the  vessel,  from  the  saloon  to  the  after  end  of 
the  engine  room,  are  placed  state  rooms  providing  for  271  passengers^ 
These  rooms  are  arranged  in  two  blocks  on  each  side,  an  inner  and 
an  outer ;  the  outer  rooms  are  6  ft.  6  in.  X  7  ft.  6  in.,  and  the  inner 
rooms  6  ft.  6  in.  x  5  ft.  9  in.,  both  9  ft.  high.  In  the  outer  rooms 
the  lower  berth  is  made  to  slide  in  or  out,  while  the  berth  above  is 
arranged  on  the  Pullman-car  principle,  so  that  it  can  be  folded  up 
out  of  the  way  when  required — an  arrangement  which  will  be  much 
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more  comfortable  tlian  the  usual  ships*  sleeping  berth.  The  inner 
rooms  are  fitted  with  the  ordinary  bed  places,  and  light  will  bo 
furnished  from  a  14-inch  side  scuttle. 

Amidships  are  placed  retiring-rooms,  baths  and  lavatories,  barber's 
shop,  (fee.  Abaft  the  cabin  bulkhead  the  main  deck  is  fitted  for 
about  240  emigrants,  in  the  same  manner  as  for  those  forward ; 
accommodation  is  therefore  provided  on  the  main  deck  for  500 
emigrants  in  all.  Accommodation  can  also  be  provided  on  the 
lower  deck  for  1000  emigrants  more,  making  a  grand  total  of  1500. 
In  way  of  the  engine  and  boiler  casings  will  be  fitted  up  the  mail 
room,  the  specie  room,  and  the  passengers'  luggage  room,  all  opening 
off  the  main  deck ;  and  along  the  sides  of  the  engine-room  will  be 
berths  for  the  saloon  stewards,  &c. 

In  concluding  the  description  of  this  great  steamer  it  may  be 
stated  that  her  estimated  weight,  complete  and  ready  for  sea,  is 
8,000  tons,  and  that  her  displacement,  at  26  ft.  mean  draft,  is  13,500 
tons;  so  that  she  will  have  a  dead- weight  carrying  power  of 
5,500  tons.  The  cubical  contents  of  her  holds  will  give  her  a 
measurement  capacity  of  7,720  tons,  at  50  cubic  feet  to  the  ton.  She 
as  expected  to  be  ready  for  work  in  the  course  of  next  summer. 


Discussion. 

Mr.  W.  Boyd  desired  to  congratulate  Mr.  Humphrys  on  the 
building  of  a  ship  which  would  no  doubt  be  a  magnificent  specimen 
of  the  ship-builder's  and  the  engineer's  art.  He  wished  however 
to  ask  a  question  as  to  the  method  of  working  the  valve-gear.  As  a 
rule  he  thought  engineers  were  pretty  well  agreed  that  on  board  ship 
gearing  was  highly  objectionable,  where  it  could  possibly  be  avoided ; 
and  it  appeared  to  him  that  other  methods  might  have  been  designed 
for  actuating  the  valves,  which  would  not  have  been  open  to  the 
objections  believed  by  most  engineers  to  attach  to  gearing  on  board 
ship.     He  also  felt  some  surprise  that  the  boilers  should  have  been 
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constructed  of  iron,  and  not  of  the  excellent  steel  which  the  makers, 
Sir  John  Brown  &  Co.,  were  capable  of  supplying.  In  fact  he  had 
fully  believed  them  to  be  of  steel,  until  he  was  now  infoimed  that 
they  were  of  iron. 

Mr.  T.  Oemiston  had  recently  had  occasion  to  make  a  voyage  in 
the  Orient,  which  was  built  much  after  the  style  of  the  City  of  Borne, 
and  could  testify  to  its  excellence.  He  was  glad  to  see  that 
shipbuilders  and  owners  were  following  the  example  of  the  Guion 
Company  in  having  the  saloon  amidships.  He  was  rather  surprised 
that  in  the  City  of  Rome  it  was  not  so  much  amidships  as  it  might 
have  been,  because  the  rolling  and  the  pitching  would  be  thereby 
very  much  diminished,  besides  getting  rid  of  the  smell  of  cooking, 
&c.  He  did  not  quite  catch  whether  the  ship  was  being  built  of 
iron  or  of  steel,  but  he  understood  it  was  of  iron.  He  had  once  had 
the  opportunity  of  going  over  the  City  of  Brussels,  one  of  the  largest 
ships  then  afloat,  with  Mr.  Caird  who  built  her;  and  he  had 
remarked  how  very  strongly  she  was  built.  Mr.  Caird  replied, 
"  Well,  we  find  that,  do  what  we  may,  when  we  come  to  such  long 
ships  as  this,  it  is  difficult  to  make  them  strong  enough,  and  it 
seems  almost  time  that  some  other  system  should  be  adopted." 
On  mentioning  the  matter  afterwards  to  Mr.  Scott  Eussell,  that 
gentleman  said,  "  That  proves  what  I  have  long  thought,  that  the 
system  adopted,  and  very  successfully  adopted,  in  the  Great  Eastern, 
is  one  which  shipbuilders,  when  they  come  to  build  very  long  ships, 
will  be  forced  into  using." 

Mr.  E.  Eeynolds  had  nothing  to  say  as  to  the  construction  of  the 
ship,  which  had  been  determined  upon  after  a  great  deal  of 
consideration  by  persons  who  had  had  much  experience  in  the 
building  of  long  ships ;  but  he  rose  to  challenge  a  statement  made 
by  the  author,  that  the  particular  way  of  making  shafts  which 
happened  to  be  now  in  fashion  was  the  only  way  of  getting  sound 
shafts.  He  did  not  wish  to  say  a  word  in  disparagement  of  the 
hollow  shafts  made  by  Sir  Joseph  Whitworth.  Those  which  he  had 
seen  exhibited  a  workmanship   which  was  beyond  all  praise.     But. 


August  1880.  STEAM-SHIP   "  CITY   OF   ROME."  347 

that  was  not  the  question.     He  might  say  for  himself  that  if  he  had 
thought  hollow  shafts  were  good  he  should  have  made  them  himself, 
and  not  waited  for  others  to  do  so.     It  was  true  that  a  great  many- 
had  been  made  for  ships  of  war,  but  no  practical  experience  could  be 
derived  from  those,  because  the  first  that  had  been  made  were  not  yet 
at  work  ;  but  all  experience,  and  even  all  natural  illustrations,  tended, 
he  thought,  to  show  that  hollow  shafts  were  wrong.      He  had  heard 
straws  given   as  an  illustration  that  Nature   used  the  hollow-shaft 
principle.     Now  Nature  was  a  very  good  guide  if  men  tried  to  read 
her  aright.     But  let  it  be  considered  what  a  straw  was.     It  was  the 
seed-carrying  part  of  grass,  and  it  grew  up  practically  solid  while  it 
had  to  stand  the  winds  of  spring ;  but  for  two  or  three  weeks,  while 
the  corn  was  ripening,  the  shaft  became  hollow,  and  it  answered  its 
purpose  very  well  in  fine  weather.     In  that  way  Nature's  operations 
were  always  economical.     But  could  anyone  quote  an  instance  of  a 
hollow  forest  tree,  which  had  to  stand  storms  for  centuries?  or,  if 
a  forest  tree  became  hollow  by  age,  how  long  did  it  stand  ?     His  own 
experience  was  long  enough  for  him  to  have  had  it  as  part  of  his 
duty  to  search  for  hollow  axles  on  railways,  and  remove  them  as 
dangerous.      Again,   when    the    eminent   firm   of    Whitworth    had 
introduced  hollow  box-framing  for  engineers'  tools,  a  certain  class 
of  engineers   tried  to  introduce  the  same  thing  in  steam-hammers. 
But  an  engineer's  tool  was  a  different  thing  from  a  steam-hammer : 
it  was  a  large  structure,  in  which  nothing  was  wanted  but  rigidity ; 
the    strains   were    exceedingly   small    in   proportion   to   the  mass 
available,  and  there  was  never  any  shock.     In  that   case   nothing 
could  be  better  than  a  hollow  frame.     But  when  the  same  thing  was 
applied  to  steam-hammer  frames,  there  came  a  difficulty.     No  steam- 
hammer  with  hollow  cast-iron  framing  ever  stood  severe  work ;  the 
frames  broke  because  they  were  too  rigid.     A  band  of  unstrained 
material  about  the  neutral  axis  was  wanted  to  keep  the  whole  together, 
or  else  sudden  fractures  would  take  place.     The  reason  why  cracks 
were  not  immediately  fatal  in  solid  shafts  was  because  there  was  such 
material  about  the  neutral  axis,  and  therefore  the  failure  was  gradual 
from  the  outside :  and  that  was  essential  for  safety.     A  15-ton  steam- 
hammer,  with  an  8-in.  solid  piston-rod,  would  stand  four  or  five  years ; 
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but  did  any  one  expect  that,  if  a  hole  4  in.  or  4.;V  in.  diameter  were 
bored  down  it,  it  would  last  as  many  weeks  ?  Apart  from  the  general 
question  of  hollow  and  solid  shafts,  he  challenged  the  statement  that 
the  particular  method  described  was  the  only  one  by  which  such 
forgings  could  be  got  sound.  He  could  show  in  his  own  Company's 
works  much  larger  masses  than  were  referred  to  in  the  paper,  which 
would  have  to  be  proved  sound,  and  he  was  confident  they  would  be 
proved  so. 

Mr.  T.  Adams  understood  the  previous  speaker  to  challenge  the 
statement  that  a  solid  shaft  would  not  stand  so  much  torsional  strain 
as  a  hollow  shaft,  there  being  the  same  sectional  area  in  both  cases. 
But  it  was  well  known  that  the  resistance  of  a  shaft  to  torsion  varied 
as  the  cube  of  the  diameter.  Therefore  the  distance  from  the  centre, 
or  the  arm,  at  which  the  mean  resistance  would  act,  must  be  much 
greater  in  the  case  of  the  hollow  shaft  than  in  that  of  the  solid  shaft ; 
and  the  sectional  areas  being  equal,  the  resistance  of  the  hollow 
shaft  would  be  greater  in  the  same  proportion. 

With  regard  to  the  boilers  of  the  City  of  Home,  he  certainly  had 
understood  that  they  were  to  be  made  of  steel.  He  had  had  the 
honour  of  making  experiments  with  steel  for  boilers  for  the  Board  of 
Trade  ;  and  taking  the  steel  of  the  Steel  Company  of  Scotland,  which 
stood  at  the  head  of  those  experimented  upon,  the  proportion  which 
its  strength  bore  to  that  of  the  best  Lowmoor  plate  was  167  to  100. 
Some  of  the  steels  tried  gave  however  a  proportion  of  only  about  63 
to  100. 

Mr.  W.  S.  Hall  wished  to  point  out,  in  regard  to  natural 
examples  of  hollow  structures,  that  there  was  never  any  torsional 
strain  upon  a  straw  or  a  cane. 

Mr.  A.  Paget  observed  that  a  friend  had  recently  sent  him  some 
bamboos  from  Hong  Kong  for  some  special  work;  and  he  should 
feel  much  obliged  to  anyone  who  could  mention  any  other  natural  or 
artificial  production  which,  weight  for  weight,  had  the  same  strength 
and  elasticity  for  torsion  and  bending. 


August  1880.  STEAM-SHIP   "  CITY   OF   ROME."  349 

Mr.  E.  Reynolds  explained  tliat  lie  had  not  been  speaking  of 
statical  strength  against  torsion,  but  of  endurance  under  long 
continued  severe  strains. 

Mr.  F.  C.  Marshall,  looking  at  the  question  from  an  engineering 
point  of  view,  should  like  to  call  attention  to  two  or  three  points 
in  the  description  of  the  machinery  and  of  the  ship.  In  the  case  of 
a  ship  of  that  class,  he  thought  the  question  of  a  twin-screw 
arrangement  might  have  been  more  favourably  considered.  To 
make  a  very  high-speed  vessel  depend  entirely  upon  one  pair 
of  engines  seemed  to  him  to  be  rather  a  risk.  He  presumed 
Mr.  Humphrys  would  say  that  by  the  single-screw  arrangement 
they  obtained  simplicity  of  construction  and  fewer  parts.  That 
was  so,  up  to  a  certain  point ;  but  he  found  that  in  order 
to  carry  out  that  arrangement  the  designers  had  had  to  introduce 
what  was  rather  a  novelty  —  three  pairs  of  tandem  engines. 
He  submitted  that  from  an  economical  point  of  view  it  would 
have  been  better  to  have  two  sets  of  engines  with  cranks  at  right 
angles.  Engineers  were  pretty  well  agreed  that  the  tandem 
arrangement  was  not  the  most  economical  form  of  compound 
engine,  requiring  as  it  did  something  like  IJlb.  more  steam  per 
I.H.P.  than  the  ordinary  right-angled  arrangement.  He  did  not 
know  that  there  was  any  very  great  objection  to  the  double-crank 
arrangement  of  engine,  as  to  balance.  He  believed  the  arrangement 
which  was  adopted  in  the  Arizona,  the  Orient,  and  other  vessels, 
could  be  made  to  work  perfectly  well,  and  with  equal  balance. 
The  supposed  superiority  of  balance  however  appeared  to  be  the  only 
reason  why  the  tandem  form  of  engine  had  been  adopted  in  the  City 
of  Borne. 

With  reference  to  the  point  to  which  Mr.  Boyd  had  called 
attention — the  question  of  the  introduction  of  gearing  for  driving 
the  valves — he  believed  that  to  introduce  gearing  or  millwright  work 
into  a  steamship  (and  he  thought  all  marine  engineers  were  pretty 
well  agreed  on  the  point)  was  a  mistake;  for  every  tooth  introduced 
into  any  one  of  the  wheels  was  an  element  of  weakness.  It  would 
be  observed  that  the  whole  efficiency  of  the  engines  depended  upon 
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tlio  teeth  of  the  wheels,  whether  of  wood  or  iron,  retaining  their 
shai)0  in  the  first  place,  and  going  on  without  breaking  in  the  second 
place.  He  did  not  think  the  advantages  of  that  arrangement  were 
commensurate  witli  the  great  risks  involved  in  it.  As  to  the 
advantage  of  getting  small  eccentrics,  he  was  not  aware  that  a  large 
eccentric  was  a  radically  bad  thing. 

With  reference  to  steel  crank-shafts,  he  should  be  glad  if  the 
author  would  give  some  idea  how  the  shaft  was  built  up,  how  the 
cranks  were  secured,  how  the  crank-pins  were  secured,  and  how  the 
continuity  of  line  and  the  accuracy  of  centre  were  maintained. 
There  was  no  question  of  more  importance  to  marine  engineers  than 
the  question  of  crank-shafts,  which  in  all  steam-vessels  were  a  great 
source  of  weakness,  and  of  possible  loss,  not  only  of  money  but  of  life. 
Any  information  on  that  point  therefore  would  be  of  great  value ;  and 
he  believed  Sir  Joseph  Whitworth  &  Co.  were  entitled  to  much 
gratitude  for  having  introduced  the  principle  of  built  shafts.  On  the 
question  of  the  hollow  shaft  he  thought  there  could  be  very  little 
doubt,  though  he  thanked  Mr.  Keynolds  for  having  brought  the  matter 
before  them.  At  the  present  moment  he  was  himself  introducing 
hollow  shafts  to  a  very  large  extent,  and  it  would  be  very  serious  if 
in  the  trial  trips  they  should  be  found  to  give  any  trouble. 

With  reference  to  the  arrangement  of  centrifugal  pumps  in  the 
engine,  it  would  be  useful  to  know  why  Mr.  Humphrys  preferred 
the  reciprocating  pump  for  the  purpose  of  driving  such  an  enormous 
volume  of  water  as  had  to  be  dealt  with  in  his  condensers,  instead  of 
a  centrifugal  pump,  which  gave  a  more  continuous  flow  and  was 
extremely  simple  and  effective.  As  to  the  boilers,  he  certainly  should 
have  thought  that,  coming  from  Sir  John  Brown  &  Co.,  the  plates 
would  have  been  of  steel.  The  boilers  were  of  a  very  large  size, 
nearly  but  not  quite  the  largest  ever  made,  and  it  would  be  useful  to 
know  how  the  shells  were  put  together,  and  whether  the  joints  (which 
as  he  understood  were  all  drilled)  were  lap  joints,  or  butt  joints,  or 
double-butt  joints. 

Mr.  HiDiPHRYS  explained  the  building  up  of  the  crank-shafts,  of 
which  there  were  three,  all  in  line,  one  for  each  of  the  three  engines. 
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The  construction  was  shown  in  Figs.  12  and  13,  Plato  45,  which 
represented  one  complete  crank-shaft  built  up  of  its  five  separate 
pieces.  The  double-collared  hollow  shaft,  described  in  the  paper  as 
being  drawn  to  length  while  being  forged  on  a  mandril  by  hydraulic 
pressure,  was  afterwards  cut  into  two  half-lengths,  to  form  the  two 
single-collared  pieces  AA,  which  were  bolted  to  the  collars  on  the 
adjacent  portions  of  the  shaft.  The  two  crank  cheeks  or  webs  BB 
were  first  forged  solid  into  the  form  of  slabs,  and  then  a  small  hole 
was  bored  at  each  end,  and  enlarged  by  being  forged  on  a  mandril 
placed  on  suitable  supports;  thus  ensuring  that  the  metal  was 
thoroughly  worked  in  the  most  important  part.  The  cheeks  were 
afterwards  shrunk  and  keyed  on  the  shafts  AA,  as  shown  in  Fig.  13. 
The  hollow  crank-pin  C  was  drawn  to  length  while  forging,  in  the 
same  manner  as  the  pieces  AA,  but  was  not  keyed  into  the  cheeks 
BB.  Special  arrangements  had  been  made  for  heating  the  cheeks  BB 
in  a  gas  furnace. 

The  details  of  the  mode  of  putting  together  were  not  yet  finally 
settled,  pending  the  result  of  experiments  now  in  progress;  but 
appliances  were  being  schemed  for  ensuring  absolute  certainty  as  to  the 
shafts  being  dead  true  when  put  together.  At  present  the  work  in 
progress  was  the  manufacture  of  the  separate  pieces  for  the  crank- shafts. 

Mr.  John  Eobinson  said  his  first  impression  had  been  that  the 
boilers  were  made  of  what  he  himself  called  "  ingot  iron,"  since  it  could 
scarcely  be  called  steel ;  and  he  was  surprised  to  hear  that  they  were  not. 
He  thought  there  must  have  been  some  difficulty,  not  known  to  him,  to 
prevent  the  adoption  of  such  material  as  that  now  made  by  Sir  John 
Brown  &  Co.,  the  Steel  Company  of  Scotland,  and  others.  Apparently 
it  would  be  a  great  advantage  to  reduce  the  thickness  of  the  plates,  and 
so  reduce  the  great  danger  of  fracture  in  rolling.  Plates  for 
locomotive  boilers,  carrying  150  lbs.  pressure,  could  be  safely  used 
much  thinner  than  those  described  in  the  paper ;  those  plates  were  of 
enormous  size,  but  he  believed  Sir  John  Brown  &  Co.  and  others 
were  quite  capable  of  making  ingot-iron  plates  of  the  same 
dimensions ;  and  as  to  the  material  which  they  could  supply,  he 
must  say  he  had  never  met  with   any  plates  that  would  stand  a 
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higher  test  or  that  were  of  more  even  manufacture.  He  had  also  had 
plates  from  the  Landore  Works  that  were  equally  good.  Ho  was  not 
comparing  one  works  with  another,  but  ^^he  was  comparing  ordinary 
Yorkshire  plates  with  a  material]  of  much  more  even  quality  and 
invariably  standing  a  much  higher  test.  He  therefore  wished  to  ask 
Mr.  Humphrys  why  there  had  been  any  hesitation  about  using  in 
the  boilers  of  steamships  such  plates  as  those  made  at  the  works  to 
which  he  had  referred. 

Mr.  Daniel  Adamson  rose  as  an  engineer  to  put  the  matter  between 
Mr.  Reynolds  and  Mr.  Adams  a  little  more  clearly  before  the  meeting 
according  to  his  own  view.  So  far  as  the  discussion  had  gone,  it  did 
not  appear  that  the  matter  of  hollow  or  solid  shafts  had  been  left 
altogether  in  the  hands  of  Mr.  Humphrys  and  the  shipbuilding 
company.  According  to  his  own  experience  the  purchaser  frequently 
said  to  the  builder,  "  I  am  going  to  pay  for  the  shiji,  and  I  will  decide 
many  of  the  vital  conditions  myself,  and  run  all  the  risk  as  I  take  all 
the  responsibility."  But  apart  from  this,  the  work  put  upon  a  hollow 
shaft  could  be  better  understood  and  depended  upon  under  all  the 
circumstances.  The  interior  of  a  solid  shaft  was  rarely  consolidated. 
The  press  would  probably  consolidate  better  than  the  hammer.  The 
hammer  bruised,  where  the  press  would  send  its  force  into  the  centre ; 
and  when  with  the  press  was  combined  the  effect  of  the  mandril,  as  in 
the  hollow  shaft,  he  thought  that  from  an  engineering  and  mechanical 
point  of  view  there  could  be  no  hesitation  as  to  preferring  the  hollow 
shaft.  He  thought  the  subject  was  not  exhausted  by  simply 
examining  what  was  best  for  a  shaft  which  had  to  bear  torsion  ;  that 
was  only  half  the  question.  According  to  his  experience,  more  shafts 
broke  down  by  a  shock  when  the  crank  was  on  the  centre,  than  by  the 
torsion  of  the  engine.  There  was  often  a  hole  in  the  very  centre  of 
a  so-called  solid  shaft.  One  of  John  Brown  &  Co.'s  shafts  of  steel, 
made  for  a  blowing  engine  that  he  had  constructed  some  ten  years 
ago,  and  forged  too  cold  and  under  a  light  hammer,  had  broken 
before  it  had  fairly  got  to  work,  and  it  was  found  to  have  a  hole  in 
the  centre  3  in.  diam.  Had  it  really  been  a  hollow  shaft,  the  manu- 
facturer would  have  detected  this  unsoundness. 


August  1880.  STEAM-SHiP  "  CITY  OF  ROME."  S53- 

He  used  a  great  variety  of  steels,  including  that  of  the  Steel 
Company  of  Scotland,  and  he  found  them  all  good  in  their  way  and 
for  special  purposes;  but  because  they  were  good  for  the  purpose  for 
which  they  were  selected,  was  it  fair  to  say  that  they  were  superior  to 
all  the  productions  of  the  country  ?  He  would  ask  the  members  to 
look  over  all  the  tests  that  had  been  published  in  this  country,  and 
try  if  they  could  tell  the  best  steel  simply  from  the  mechanical 
conditions.  And  when  it  was  known  that  the  addition  to  the  steel  of 
1  per  cent,  of  carbon  and  manganese  would  double  the  tensile 
strength  and  take  off  two-thirds  of  the  ductility,  it  was  certainly 
needful  to  take  into  consideration  rather  what  the  material  was,  than 
where  it  was  made.  He  quite  agreed  with  Mr.  Eobinson  that  no 
better  works  could  be  found  than  those  of  John  Brown  &  Co.,  to 
supply  a  metal  that  was  exactly  what  was  wanted,  for  those  who  knew 
what  to  ask  for. 

As  to  the  selection  of  the  class  of  engine  for  the  ship  described  in 
the  paper,  he  could  not  conceive  any  better  arrangement  than  to  have 
three  pairs  of  tandem  engines  to  work  at  high  velocity,  with  great 
uniformity,  with  a  natural  balance,  and  without  a  pound  of  unbalanced 
dead  weight.  The  whole  arrangement  appeared  to  him  to  guarantee 
uniformity  of  action,  and  hence  great  durability,  considering  the 
amount  of  material  employed.  He  questioned  whether  the  right- 
angled  engine  was  as  economical  as  the  tandem  compound  engine 
when  properly  constructed.  But  there  were  a  thousand  conditions  to 
be  taken  into  consideration,  and  he  was  sure  a  week  would  not  suffice 
to  discuss  them  properly. 

He  regretted  that  the  boilers  were  not  made  of  what  he  would 
not  call  ingot-iron,  but  would  rather  suggest  should  be  called  ingot- 
metal.  Compare  the  analysis  of  this  metal  with  that  of  Low  Moor 
iron — not  common  iron,  although  common  iron  contained  only 
compounds  that  were  exceedingly  valuable  when  wisely  used  for 
proper  purposes  :  thus  the  much-abused  Middlesbrough  metal  might 
be  made  to  have  a  higher  tensile  strength  than  the  purest  Swedish 
iron.  But  let  them  take  the  best  Yorkshire  iron,  from  any  of  the  great 
works  in  Yorkshii-e,  whose  iron  varied  only  in  some  small  elements, 
beyond  the  control  of  anyone.    If  that  Yorkshire  metal  were  analysed, 
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it  would  bo  found  that  certain  elements  were  in  very  small  quantities  : 
thus  some  of  the  Yorkshire  irons  were  as  low  in  manganese  as 
onc-tcntli  per  cent,  and  less,  while  some  of  the  mild  ingot-metals  had 
three-tenths  or  four-tenths.  Therefore  it  was  difficult  to  class 
one  with  the  other.  He  quite  agreed  that  the  ingot  metal  was  a 
great  deal  more  to  be  depended  upon ;  but  the  reason,  in  his  opinion, 
why  the  owners  did  not  select  the  better  and  purer  metal  was  the  fear 
of  accidents  in  working,  such  as  had  lately  taken  place  in  Scotland. 
He  was  surprised  that  Mr.  Robinson  had  not  years  ago  adopted  ingot- 
metal  for  his  locomotive  boilers  ;  but  now  he  appeared  to  have  satisfied 
himself  that  the  metal  in  question  had  greater  tenacity,  greater 
malleability,  and  greater  ductility,  when  properly  selected,  than 
the  best  puddled  irons.  But  when  great  disasters  were  rei^ortcd,  so 
as  to  alarm  even  those  best  acquainted  with  the  metal,  he  was  not 
surprised  that  the  owners  of  such  a  magnificent  structure  as  the 
enormous  ship  which  had  been  described  should  hesitate  before 
using  a  material  of  which  they  themselves  could  not  know  much. 

Mr.  David  Greig  had  attended  the  meetings  regularly  for  the 
purpose  of  getting  some  information  on  the  question  of  boilers,  but 
was  sorry  to  find  discussions  still  going  on  upon  subjects  which 
had  really  been  solved.  What  was  wanted  was  a  material 
that  would  make  better  boilers  than  the  metal  called  iron.  They 
wanted  a  boiler-making  material,  and  they  had  got  it ;  they 
could  now  get  a  material  which  was  reliable  to  the  utmost  degree, 
gave  no  trouble,  and  did  not  produce  half  the  wasters  that  iron  did. 
Therefore  to  see  ships  of  such  a  class  as  the  one  described  in  the 
paper  being  made  of  iron  was  most  disheartening.  They  had 
heard  of  steel  boilers  being  tested  in  Glasgow,  and  bursting  from  the 
pressure ;  it  was  an  unfortunate  occurrence,  but  the  question  was, 
what  was  the  material  used  in  the  construction  of  those  boilers ;  he 
had  no  doubt  that  the  metal  would  be  shown  to  be  not  what  was 
adapted  for  making  boilers,  if  it  was  steel  at  all. 

Mr.  T.  E.  Crampton  thought  those  who  had  the  responsibility  of 
designing  a  large   ship   like  the   City  of  Borne  should  not  be  too 
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enterprising  ;  the  responsibility  of  such  a  course  was  very  great,  and 
those  responsible  should  look  all  round  before  coming  to  a  decision 
upon  any  question.  It  was  true  that  a  great  deal  had  been  done  with 
steel  boilers,  but  those  had  been  boilers  within  the  ordinary  limits  of 
manufacture,  not  boilers  of  large  steamers  with  very  high  pressures. 
The  difference  between  ordinary  |-in.  or  J-in.  plates  and  the  IJ-in. 
plates  required  for  such  high  pressures  was  very  great.  Under  present 
conditions  he  did  not  think  it  would  be  prudent  to  put  steel  plates 
in  boilers  of  the  magnitude  they  were  now  considering.  He  had  often 
said  that  iron  was  doomed ;  but  where  the  interests  involved  were  so 
serious  and  the  experience  so  limited,  it  would  in  his  opinion  be 
unwise  to  make  an  experiment  of  the  magnitude  contemplated. 

Mr.  KoBiNSON  wished  to  add  that  he  had  had  some  experience 
of  thick  plates  made  of  ingot. metal,  in  locomotive  engine-frames. 
His  firm  had  ordered  such  plates,  and  the  firm  in  Sheffield  already 
alluded  to  had  sent  a  material  1  in.  thick,  of  which  he  should  have 
been  very  well  content  to  make  boilers.  The  tests  applied  to  those 
plates  gave  quite  as  high  results  as  the  tests  for  the  plates  of  -^^  in. 
or  J  in.  thickness,  used  for  making  boilers.  He  should  have  confidence 
therefore  in  making  large  boilers  of  ingot  metal  1  in.  thick,  and 
considered  there  would  be  no  need  to  make  the  thickness  1\  in., 
because  the  tensile  resistance  of  the  ingot  metal  was  greater,  and 
therefore  the  plates  might  be  thinner. 

Mr.  E.  J.  Cowling  Welch  said  the  plates  to  which  Mr.  Eobinson 
alluded  had  given  a  tensile  strength  of  27  tons  per  sq.  in.,  with 
27  per  cent,  elongation,  and  the  section  of  the  metal  at  the  point  of 
fracture  showed  a  reduction  of  area  of  52  per  cent. ;  the  fracture  had 
a  fine  fibrous  appearance.  The  strain  was  put  on  by  hydraulic 
power  at  a  slow  rate,  taking  fifteen  minutes  to  break  the  specimen ; 
so  that  it  gave  the  fairest  possible  test.  A  number  of  experiments 
had  been  made  with  plates  by  various  makers,  and  there  had  been 
no  difficulty  at  all  in  getting  steel  plates  which  would  give  much 
less  trouble  in  manijnilation  than  iron  ones.  In  fact  now-a-days 
best  Yorkshire  plates  could  not  be  got  with  any  certainty  that  they 
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could  bo  flanged  without  splitting  up,  or  that  if  a  hole  were  punched, 
the  punching  could  not  he  split  into  two  parts.  The  fact  was, 
Yorkshire  plates  were  getting  worse  and  worse,  while  steel  plates 
were  getting  better  and  better.  There  was  no  difiBculty  in 
manipulating  steel  plates,  when  properly  understood.  They  had 
not  had  a  bad  one  during  the  whole  year,  while  they  had  had  scores 
of  Yorkshire  plates  rejected  at  a  great  loss. 

Mr.  F.  C.  Marshall  asked  permission  to  refer  to  some  experience 
of  his  own  with  reference  to  the  use  of  very  thick  iron  plates,  as 
illustrating  the  remarks  of  Mr.  Adamson  and  Mr.  Crampton.  He 
had  made  some  boilers  eleven  years  ago,  which  he  believed  were 
the  largest  ever  made — 16  ft.  6  in.  in  diameter,  and  23  ft.  long,  each 
having  ten  furnaces.  Those  boilers  were  at  work  to  the  present 
day ;  and  he  understood  from  the  owners  of  the  vessel,  Messrs. 
Guion  of  Liverpool,  that  they  were  in  as  good  condition  as  the 
day  on  which  they  were  put  in.  They  were  iron  boilers  put 
together  with  butt-straps,  everything  being  as  carefully  fitted  as 
possible.  Those  boilers  were  a  fair  specimen  of  what  could  be  done 
with  iron  boilers;  he  should  therefore  have  no  hesitation  in  doing 
what  Mr.  Humphrys  had  proposed  to  do  with  his  vessel.  The 
plates  he  referred  to  were  1^^  in.  thick,  and  they  were  at  work  in 
two  vessels — the  Wyoming  and  the  Wisconsin.  But  he  submitted 
that  it  would  have  been  no  experiment  to  introduce  steel  for  the 
boilers  of  a  vessel  such  as  that  under  consideration.  He  was 
constantly  making  steel  boilers  with  plates  ranging  from  f  in.  up 
to  1^-  in.  He  had  not  yet  made  a  steel  boiler  1  in.  thick,  but  the 
shells  of  the  boilers  in  question  would  have  been  only  ]-%  in.  in 
steel.  Therefore  Mr.  Humphrys  would  at  any  rate  have  saved 
25  per  cent,  in  the  weight  of  the  shells.  He  had  at  first  been  under 
the  impression,  on  reading  the  paper,  that  Mr.  Humphrys  had 
introduced  steel  in  the  shells,  and  Bowling  plates  in  the  interior 
parts  of  the  boiler.  Some  engineers  were  doing  so,  but  he  must  say, 
as  the  result  of  his  experience,  it  was  a  mistake.  He  had  boilers 
which  had  been  at  work  ever  since  Lloyd's  had  consented  to  the 
introduction  of  steel  into  steam  vessels,  now  more  than  two  years 
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ago,  and  to  this  day  the  scale  made  in  the  original  rolling  was  not  off 
the  inside,  either  on  the  furnaces  or  the  shell-plates ;  and  the  boilers 
were  perfectly  tight. 

Mr.  E.  Eeynolds  wished  to  say  a  word  of  explanation  with 
I'eference  to  the  building  up  of  steel  cranks.  He  had  probably  made 
more  than  anyone  else,  and  he  could  state  that  there  was  no 
difficulty  whatever  in  getting  them  true.  Of  seven  that  had  been 
sent  away  a  month  or  two  ago,  only  one  required  the  centres  to  be 
scraped  after  being  put  together ;  and  of  eight  in  hand  now,  only 
two  had  required  it,  and  that  because  they  had  large  projecting  bosses 
on  one  side.  The  scrapings  did  not  amount  to  more  than  one- 
hundredth  of  an  inch.  With  regard  to  keying,  he  might  mention 
that  he  had  one  shaft  which  had  been  at  work  two  years  without  any 
keys  at  all  in  the  crank-cheeks  or  crank-pins. 

Mr.  C.  E.  CowPER  desired  to  make  a  suggestion  with  regard  to 
the  nomenclature  of  the  metals  under  consideration.  Year  after  year 
the  subject  had  come  up,  and  they  heard  such  expressions  as  "  what 
I  call  steel,"  and  "  what  I  call  ingot  iron,"  yet  they  had  no  means  of 
distinguishing  the  varying  degrees  of  hard  and  soft  ingot  metals. 
Again,  when  a  person  spoke  of  "  mild  steel  "  it  was  not  know^n  how 
mild  it  might  be ;  and  when  another  said  he  did  not  like  steel 
because  it  was  too  brittle,  it  might  be  answered  that  some  steel  was 
almost  as  soft  as  iron.  Why  should  not  such  confusion  be  avoided 
by  the  general  adoption  of  a  simple  series  of  numbers,  say  from 
No.  1  to  No.  10,  according  to  the  proportion  of  carbon  ?  The  hardness 
of  steel  depended  chiefly  upon  carbon,  varying  of  course  to  some 
extent  with  the  amount  of  other  ingredients,  such  as  manganese. 
Moderate  steel  had  0  •  5  per  cent,  of  carbon,  and  it  might  be  called 
No.  5.  Hard  steel,  containing  I'O  per  cent,  of  carbon,  would  be 
No.  10,  and  very  soft  steel  No.  2.  If  those  numbers  were  used,  it 
would  not  matter  whether  the  metal  were  called  ingot  steel,  ingot 
iron,  or  ingot  metal. 
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The  President  could  not  allow  the  discussion  to  end  without 
saying  ho  was  a  little  disai^pointcd  that  steel  had  not  been  more 
liberally  used  in  this  shij).  He  hoped  the  next  8000-ton  ship  built 
in  Barrow  would  have  boilers  of  steel,  and  also  bo  built  of  mild 
steel,  always  supposing  that  a  sufficient  supply  of  the  material  was 
forthcoming,  which  ho  felt  sure  would  be  the  case.  Such  ships 
would  be  lighter,  stronger,  tougher,  and  altogether  belter.  Past 
experience  was  amply  sufficient  to  show  that  boiler  plates  could  bo 
got  of  good  mild  steel,  and  he  rejoiced  that  the  Admiralty  were 
doing  so  well  with  steel  ships  and  boilers. 

He  was  sorry  there  had  been  no  discussion  as  to  the  use  of  iron 
decks,  which  increased  the  strength  amazingly,  making  the  ship  into 
a  veritable  box-girder. 

Mr.  HuMPHRTS  said  in  reply  that  some  exception  had  been  taken 
to  the  use  of  gearing,  for  driving  the  shaft  which  carried  the  eccentrics 
of  the  slide-valves  of  the  engines.  Many  reasons  had  induced  them 
to  adopt  that  mode  of  working,  and  he  thought  they  had  the  best 
possible  warrant  in  the  experience  of  years  in  all  directions ;  there 
were  hundreds  of  instances  where  vessels  had  been  driven  by  gearing, 
and  in  thousands  of  instances  where,  in  large  cotton  mills  and  rolling 
mills  and  all  sorts  of  places,  gearing  had  been  used  with  success 
and  without  the  slightest  risk.  Besides,  everyone  knew  that  a  pair 
of  wheels,  if  the  teeth  were  perfectly  constructed,  would  work 
almost  absolutely  without  noise,  especially  if  one  were  made  of  iron 
and  the  other  of  wood.  He  thought  therefore  that  they  need  not 
trouble  themselves  at  all  as  to  the  success  of  employing  gearing  for 
that  purpose,  more  especially  as,  in  order  to  make  assurance  doubly 
sure,  they  had  put  a  pair  of  the  wheels  at  each  end  of  the  engine,  so 
that  if  one  pair  w^ere  carried  away  they  would  still  have  tho 
other  pair  left. 

There  had  been  a  great  deal  of  discussion  on  the  employment  of 
iron  plates  for  the  construction  of  the  boilers,  as  against  steel. 
There  again  of  course  they  had  had  a  great  number  of  matters  to 
guide  them.  It  was  not  a  question  of  the  owTiers'  desire  at  all, 
because  the  whole  matter,  the  design  of  the  ship,  the  design  of  the 
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engines,  and  all  the  details,  had  been  left  in  the  hands  of  the  Barrow 
Shipbuilding  Company.  They  had  been  led  to  use  iron  in  the 
construction  of  the  shells  of  the  boilers,  because  they  had  found  very 
frequently  in  practice  that,  notwithstanding  the  greatest  care  taken  in 
the  manufacture  of  heavy  marine  boilers,  and  notwithstanding  the 
making  them  an  engineering  job  and  not  a  boiler  job — all  the  plates 
being  drilled  and  shaped,  hardly  having  a  smith's  hammer  put  upon 
them — notwithstanding  all  that  care,  and  also  notwithstanding  the  fact 
that  before  the  boilers  were  passed  in  the  shop  they  had  to  be  absolutely 
dry  from  leakage,  they  still  found  that  there  was  a  tendency  to  leak  in 
the  longitudinal  seams.  That  was  a  very  difficult  thing  to  get  over, 
and  therefore  they  had  thought  it  advisable  to  limit  the  number  of 
longitudinal  seams  to  two.  To  do  that  they  required  plates  of 
exceptional  length  ;  and  in  consultation  with  Sir  John  Brown  &  Co. 
they  were  strongly  advised  by  them  to  adopt  iron,  as  they  said  they 
could  roll  the  iron  plates  in  their  armour-plate  mill  of  any  size  or 
weight,  and  would  be  able  to  ensure  an  excellent  material.  That 
statement  had  been  fully  verified  by  the  cuttings  which  had  been 
made  in  all  directions,  showing  that  the  metal  was  absolutely  sound. 
They  had  been  guided  to  adopt  the  iron  plates  for  the  purpose  of 
making  a  more  sound  and  beautiful  piece  of  engineering  work — he 
would  not  call  it  boiler  work.  The  members  would  have  an 
opportunity  in  the  afternoon  of  seeing  the  details  of  the  work,  and 
how  it  had  all  been  put  together,  which  would  be  much  better  than 
any  description  he  could  give.  i  ^ 

An  observation  had  been  made  with  regard  to  the  saloon  not 
being  so  near  the  centre  of  the  vessel  as  it  might  be.  He  might 
mention  that  the  pioneers  of  the  system  of  midships  saloons  were 
the  White  Star  Company ;  and  he  desired  to  take  that  opportunity 
of  paying  a  tribute  to  Messrs.  Harland  &  Woolf  for  the  very  excellent 
arrangements  of  their  White  Star  vessels.  The  reason  that  had 
determined  the  position  of  the  saloon  in  the  City  of  Borne,  was  that 
the  engines  and  boilers  had  to  be  placed  in  a  certain  position,  not 
too  forward,  because  the  weights  must  be  somewhere  near  the  centre 
of  the  vessel ;  and  that  of  course  obliged  them  to  get  the  saloon  to 
a  point  just  forward  of  the  boilers.     On  examining  one  of  the  White 
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Star  boats,  it  would  bo  found  that  the  saloon  of  tho  C////  of  Itouic,  in 
consequence  of  the  extreme  length  of  the  vessel,  was  relatively  nearer 
midships  than  it  was  in  those  boats. 

Some  observations  had  been  made  by  Mr.  Ormiston  as  to  the 
risk  which  might  be  run  in  dealing  with  vessels  of  that  immense 
size,  and  how,  notwithstanding  all  that  could  be  done,  such  vessels 
could  not  be  made  strong  enough.  He  desired'  to  take  exception  to 
that ;  he  thought  they  could  be  made  strong  enough,  and  that,  if 
proper  consideration  were  given  to  the  workmanship,  they  might  be 
made  with  great  safety,  and  not  occasion  the  least  alarm :  the 
Atlantic  might  do  its  worst,  but  it  would  never  start  a  butt  or  a 
rivet  in  the  work.  He  was  glad  to  say  that  the  system  which  had 
been  adopted  in  the  present  case  seemed  to  be  able  to  ensure  that 
degree  of  safety,  because  the  vessels  built  upon  that  system  had  never 
shown  the  slightest  symptom  of  weakness. 

On  the  question  of  the  hollow  shaft  he  had  expressed  his  views  in 
the  paper ;  and  he  thought,  as  a  matter  of  common  sense,  where 
there  was  a  hollow  ingot  to  start  with,  which  had  been  first  squeezed 
out  to  a  hollow  tube,  then  put  upon  a  mandril,  and  then  squeezed 
again,  outside  and  inside,  a  degree  of  soundness  was  ensured  which 
could  not  be  got  by  any  process  of  hammering  a  solid  shaft.  But 
irrespectively  of  that,  he  thought  there  was  a  decided  advantage  in 
the  hollow  shaft.  He  expected  more  elasticity  from  it.  He  thought 
many  a  solid  shaft  in  large  steamers  had  broken  from  its  very 
rigidity.  The  continual  vibration  of  the  vessel,  where  there  was 
a  solid  iron  shaft,  might  cause  a  fracture  ;  but  the  slight  elasticity  of 
the  hollow  shaft  might  meet  that  difficulty. 

They  had  had  of  course  to  consider  the  question  of  the  single 
screw  against  the  twin  screw ;  and  after  weighing  all  the  pros  and 
cons,  looking  at  the  necessities  of  the  trade  and  the  docking 
arrangements,  it  had  been  deemed  safest  and  most  prudent  to  adopt 
the  single  screw.  "With  regard  to  the  question  of  the  three  tandem 
engines  as  against  the  other  types,  he  thought  they  had  been  wise  in 
adopting  that  system.  They  had  three  engines  all  interchangeable, 
so  to  say  ;  so  that  any  spare  gearing  that  might  be  carried  was 
applicable  to  each  of  the  engines.     They  also  had  moderate-sized 
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cylinders,  easily  controlled ;  and  there  were  a  variety  of  considerations 
from  tlie  manufacturer's  point  of  view  whicli  recommended  that 
system  to  tbem  in  preference  to  any  other.  So  far  as  their 
experience  had  gone,  they  had  reason  to  believe  that  better  results 
had  been  obtained,  in  an  economical  point  of  view,  from  the  tandem 
engine  than  would  have  been  obtained  from  any  other  type,  although 
he  thought  there  was  not  much  to  choose  between  them. 

He  had  been  asked  why  they  had  adopted  reciprocating  pumps. 
They  had  had  considerable  consultation  with  the  owners,  who  had 
rather  expressed  a  desire  that  the  pumps  for  circulating  water  in 
the  condenser  should  be  actuated  by  the  engine  itself;  and  there 
appeared  to  be  no  objection  to  that  plan,  so  far  as  their  own  views 
were  concerned.  They  had  a  If  rge  number  of  such  engines  working 
very  satisfactorily,  and  there  was  no  risk  about  the  matter,  so  long 
as  the  valves  and  the  discharge  were  made  large  enough.  The  design 
was  supplemented  by  a  large  centrifugal  pump,  which,  in  the  event 
of  anything  happening  to  the  reciprocating  pumps,  could  send  water 
through  the  condenser. 

There  was  one  other  important  matter,  which  as  a  shipbuilder  he 
wished  to  bring  forcibly  before  the  steel  makers  present.  The 
question  had  been  asked,  "  Why  do  you  not  build  vessels  of  steel 
instead  of  iron?"  He  fully  admitted  the  superiority  of  steel;  but 
after  all,  it  was  a  matter  of  pounds,  shillings,  and  pence.  The 
shipowner  was  a  merchant,  and  he  regarded  his  ship  as  a  machine 
for  bringing  him  a  return  for  the  capital  invested  in  it.  If  he  was 
told  that  he  could  have  a  vessel  of  much  more  perfect  material,  he 
would  reply,  "  It  may  be  so ;  I  am  not  a  professional  man,  and  do 
not  understand  the  matter ;  all  I  know  is  that  Lloyd's  and  the  Board 
of  Trade  give  me  all  I  desire  as  to  certificates  at  present ;  I  do  not 
see  the  advantages,  but,  supposing  they  exist,  what  is  to  be  the  cost  ?'* 
He  must  then  be  informed  that  the  cost  would  be  somewhat  greater, 
so  that  he  would  have  to  pay  so  much  more  per  ton  of  goods  carried  ; 
and  if  so,  he  would  say  the  game  was  not  worth  the  candle.  Nor 
would  it  be  so  until  the  price  of  steel  assimilated  to  that  of  iron 
more  nearly  than  it  did  at  present.  When  that  was  the  case,  steel 
ships  would  be  built  universally,  but  not  till  then. 
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The  President  proposed  a  vote  of  thanks    to   Mr.  Humphry  s 
for  his  intercstiDg  paper,  which  was  carried  by  acclamation. 


The  Meeting  was  then  adjourned  to  the  following  day. 


The  Adjourned  Meeting  was  hdld  in  the  Town  Hall,  Barrow, 
on  Wednesday,  4th  August,  1880,  at  Ten  o'clock  a.m.  ;  Edward  A. 
CowPER,  Esq.,  President,  in  the  chair. 

The  following  paper  was  read  : — 
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ON  THE 
HEMATITE  IRON  MINES  OF  THE  FURNESS  DISTRICT. 


By  Mr.  J.  L.  SHAW,  of  Dalton-in-Furness. 


The  Iron  Ore  Mines  of  this  district,  as  sliown  in  the  general 
plan,  Fig.  1,  Plate  46,  are  comprised  within  an  area  of  eight  miles 
from  east  to  west  and  five  miles  from  north  to  south  :  including  the 
Millom  district  in  Cumberland,  which  is  separated  from  Furness 
by  the  Duddon  sands,  though  the  rock  formation  in  which  the  mines 
are  situated  is  continuous. 

The  mines  of  the  district  are  entirely  in  the  Mountain  Limestone, 
though  the  iron  ore  is  not  exclusively  confined  to  that  formation. 
The  mountain  limestone  (see  the  plan  and  section,  Figs.  1  and  2)  is 
bounded  on  the  north  by  Silurian  clay  slates,  and  on  the  south  by  the 
Permian  sandstone :  the  limestone  is  also  overlain  on  the  south  by  an 
area  of  about  three  square  miles  of  Yoredale  shales,  which  dip  under 
the  Permian  sandstone.  The  limestone  dips  a  few  degrees  south  of 
east  to  the  east  of  Haume  Hill,  nearly  south  at  Stank,  and  in  a 
westerly  direction  to  the  west  of  Haume  Hill ;  the  centre  of  upheaval 
being  evidently  the  porphyritic  rocks  of  Greenscow  Crags,  Fig.  2. 

Besides  the  great  faults  alluded  to  in  the  Government  Geological 
Survey  of  the  district  (on  one  of  which  Parkhouse  mine  is  situated), 
there  is  another  class  of  dislocations  within  the  mountain  limestone 
formation.  With  these  a  greater  number  of  the  largest  bodies  of  ore 
is  connected  than  with  the  main  faults.  Their  bearing  is  west- 
north-west,  and  they  dip  towards  south-south-west  at  an  angle  of  very 
nearly  45°.  These  "slides"  or  "cheeks"  are  indicated  in  the  drawing, 
Fig.  3,  Plate  47,  and  may  be  seen  in  the  mines  at  Lindal  Moor, 
Dalton,  Stank,  Askam,  and  Hodbarrow.  The  slide  at  Stank  mines  is 
particularly  observable,  while  at  Hodbarrow  mines  the  dislocation 
commences   at   the   extreme   east   end  and   traverses   the  whole   of 
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the  mines  iii  a  west-nortL-west  direction;  thus  forming  as  it  were 
the  very  backbone  of  these  extensive  bodies  of  ore. 

Besides  these  greater  dislocations,  the  mountain  limestone  is  cut 
up  by  other  and  more  numerous  divisional  planes  ;  these  however 
the  author  has  always  looked  on  as  being  mere  joints,  and  not  having 
the  character  of  real  dislocations,  although  they  may  carry  veins  of 
ore,  or  "  ginnels,"  as  these  are  generally  called  in  the  district.  The 
bearing  of  these  latter  joints  corresponds  very  nearly  with  the 
magnetic  meridian. 

The  dislocations  and  joints  were  in  all  probability  the  precursors 
of  the  iron  ore  deposits ;  the  dislocations  having  been  formed  into 
basins  of  ore,  and  the  joints  into  "  ginnels,"  by  the  action  of  water 
charged  with  carbonic  acid  and  iron,  the  latter  probably  derived 
from  the  slate  rocks,  as  stated  by  Mr.  Wurzburger  in  the  Journal  of 
the  Iron  and  Steel  Institute,  Feb.  1872,  p.  142.  Although  the  author 
does  not  think  the  theory  of  the  formation  of  iron  ore  to  be  as  yet 
fully  investigated,  yet  he  believes  this  aqueous-chemical  theory  to  be 
by  far  the  most  reasonable  one. 

He  has  already  remarked  that  the  iron  ore  in  the  district  is 
confined — though  not  exclusively — to  the  pure  limestone.  The 
thickness  of  this  is  not  much  more  than  about  120  yards ;  at  that 
depth  it  becomes  impure,  and  passes  into  more  impure  and  coarser 
beds  of  schist,  grit,  and  conglomerate. 

The  basins  of  iron  ore  do  not  exceed  1000  yards  in  their  greatest 
length,  that  being  the  length  of  the  largest  basin  at  Hodbarrow 
mines,  with  a  width  of  430  yards.  There  are  two  other  basins  at  the 
same  mines,  of  300  yards  by  100  yards,  and  500  yards  by  250  yards 
respectively.  These  deposits  are  all  more  or  less  continuous,  the 
thickness  of  ore  in  the  largest  basin  being  100  feet. 

The  deposit  next  in  size  is  at  Park  mines,  550  yards  long  from 
east  to  west,  and  averaging  200  yards  wide.  The  basin  at  Askam 
mine  is  430  yards  long  and  250  yards  wide.  At  Lindal  Moor  there 
is  an  almost  continuous  basin  for  a  length  of  1500  yards  from  north- 
west to  south-east,  between  the  limestone  and  the  clay-slate  formations, 
with  a  width  of  about  100  yards  at  the  greatest ;  together  with 
numerous  other   deposits.     Stank   mine  has   been  opened  out  to  a 
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length  of  770  yards  along  the  "  check  "  or  slide  mentioned  above  ; 
its  greatest  horizontal  width  is  not  much  more  than  30  yards,  though 
there  are  numerous  offshoots  north  and  south  from  the  main  vein. 
The  remaining  "  sops  "  or  basins  in  the  district  arc  from  a  very  few 
yards  in  size  up  to  100  yards,  and  the  "  ginnels  "  vary  from  2  feet  to 
about  20  feet  in  width. 

The  depth  of  these  basins  below  the  surface  varies  from  about  10 
fathoms  to  about  60  fathoms,  never  greatly  exceeding  the  latter 
figure.  There  is  an  exception  at  Stank  mine,  where  the  ore  is  being 
worked  at  100  fathoms  depth ;  but  this  in  the  author's  opinion  is 
principally  because  the  limestone  only  begins  at  a  depth  of  about 
60  fathoms,  being  overlain  to  that  depth  by  Yoredale  shales ; 
while  in  the  rest  of  the  district  the  limestone  is  immediately  under 
the  superficial  cover.  The  depth  of  the  cover  varies  between  about 
30  feet  and  33  fathoms,  the  latter  being  the  depth  at  Hodbarrow 
mines.  This  was  a  very  treacherous  cover  to  sink  through,  consisting 
very  much  of  quicksand. 

The  quality  of  the  ore  also  varies  considerably.  It  is  divided 
into  two  great  classes,  the  harder,  which  is  got  by  blasting,  and  the 
softer,  which  is  got  by  the  pick  only.  The  proportion  of  metallic 
iron  in  the  ore  varies  between  50  and  65  per  cent.  Bars  of  stone 
and  bodies  of  "muck,"  consisting  of  sand  and  clay,  occur  in  the 
deposits ;  the  stone  being  in  general  connected  with  the  harder  ore, 
and  the  muck  with  the  softer  variety. 

The  ore  is  generally  worked  height  after  height  from  the  top 
downwards,  as  shown  in  Figs.  3  and  4,  Plate  47 ;  the  main  "  soles  " 
or  levels  LL,  Fig.  3,  being  from  5  fathoms  apart  as  at  Hodbarrow 
mines,  to  10  fathoms  apart  as  at  Park  mines.  Fig.  3  shows  a  gin 
pit,  sunk  about  6  fathoms  below  the  top  of  the  ore.  Levels  LL  are 
driven  from  the  shaft,  leaving  a  "  sump  "  for  gathering  the  water, 
about  6  ft.  deep.  "  Kises  "  EK  are  then  put  up  to  the  top  of  the 
ore,  and  from  the  tops  of  these  rises  workings  are  driven  out  on 
the  level.  The  method  employed  is  first  to  drive  to  the  farthest 
end,  and  then  to  rob  the  ore  backward.  As  the  ore  is  removed,  the 
ground  subsides  gradually,  crushing  down  the  wood,  which  assists  in 
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kocpiug  back  tlio  clay,  sand,  or  gravel  from  the  next  lieiglit  of 
workings  below.  The  ore  is  bogicd  or  trailed  to  the  rises,  in  which 
hoppers  arc  placed  for  receiving  it.  From  thence  it  is  drawn  to 
the  shaft  by  manual  labour,  horses  not  being  employed  in  these 
mines. 

The  next  height  is  worked  downward  from  the  floor  of  the  first 
height,  and  is  worked  in  a  similar  manner ;  and  so  on  with  the  other 
heights,  until  the  main  level  is  worked  down  upon.  The  size  of  the 
v/orkings  varies  in  general  from  6  feet  wide  by  7  feet  high  to  10  feet 
by  10  feet. 

Fig.  5,  Plate  47,  is  an  ideal  plan,  showing  a  basin  of  iron 
ore,  with  position  of  shaft,  levels,  and  rises.  In  practice  the 
workings  rarely  approach  the  regularity  here  shown;  Hodbarrow 
mine  is  worked  more  nearly  in  this  way  than  any  Other  mine  in 
the  district.  Very  little  importance  is  attached  by  the  writer  to  the 
idea  sometimes  expressed  of  the  iron  ore  having  a  north  and  south 
bearing ;  the  result  of  his  experience  being  that  the  iron  ore  deposits 
iu  general  lie  on  west-north-west  dislocations,  as  already  stated,  and 
as  shown  by  the  strong  dotted  line  across  the  workings  in  Fig.  5. 
The  lighter  dotted  lines  outside  the  basin  represent  subordinate 
joints  or  divisional  planes,  with  which  the  "  ginnels  "  of  the  district 
in  general  correspond,  as  shown.  The  bearing  of  these  joints  very 
nearly,  though  not  exactly,  corresponds  with  the  magnetic  north; 
but  it  is  clear  that  they  must  have  existed  before  the  ore  was 
deposited  at  all. 

Fig.  4,  Plate  47,  shows  the  original  shaft  abandoned,  and  a  more 
permanent  shaft  sunk,  in  the  limestone,  to  get  the  ore  below  the  first 
level.  The  method  of  working  is  similar  to  that  given  above.  In 
the  largest  bodies  of  ore  however,  where  bars  of  stone  and  bodies 
of  "  muck  "  are  absent,  the  workings  are  driven  in  a  more  regular 
line  than  in  the  gin  pits ;  and  cross-cuts  are  put  out  from  the  main 
levels,  leaving  pillars  four  to  five  fathoms  square.  There  may  be 
several  of  these  levels  in  a  mine,  pillar  being  kept  under  pillar  as 
much  as  possible.  These  pillars  are  finally  worked  out  in  the 
manner  given  above,  namely  by  going  to  the  farthest  end,  and 
robbing  them  backward. 
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In  the  mines  worked  in  the  harder  variety  of  ore  however,  where 
the  ore  has  been  very  hard  and  difficult  to  get,  main  roads  and 
workings  have  in  some  instances  been  driven,  and  then  "  stoped " 
lip  to  the  roof  or  cover,  leaving  four-fathom  pillars,  which  have 
been  allowed  to  crush  down  :  the  ore  has  then  been  more  readily 
worked. 

The  first  shafts  sunk  are  worked  either  by  a  horse  gin  or  by  a 
steam  engine.  By  the  time  the  ore  above  the  first  main  sole  is  worked 
out,  the  second  shaft  has  been  completed ;  and  as  the  first  one  is 
generally  within  the  influence  of  the  broken  ground,  it  is  allowed  to 
collapse,  as  shown  in  Fig.  4.  When  an  engine  pit  has  been  started 
however,  it  is  generally  arranged  to  place  it  out  of  the  influence  of 
the  drag  on  the  ground.  When  sunk  in  the  limestone,  these  shafts 
last  many  years,  in  fact  as  long  as  they  are  required.  The  size  of 
the  shafts  varies  from  4 J  feet  square  to  15  feet  by  7  feet.  One  bogie 
full  of  ore  is  generally  raised  at  a  time,  though  at  Ilodbarrow  mines 
two  bogies  are  raised  at  once. 

The  ore  has  also  been  worked  by  means  of  open  workings,  as  at 
Crossgates  and  Martin;  a  thickness  of  30  feet  of  superficial  cover 
having  first  been  removed.  This  has  proved  a  very  cheap  method  of 
working  the  ore. 

The  mines  are  generally  worked  in  two  shifts  of  eight  hours 
each,  but  in  some  cases  the  whole  three-thirds  of  the  twenty -four 
hours  are  utilised.  Eock-boring  machines,  worked  by  compressed 
air,  are  pretty  largely  employed  in  the  district,  not  for  getting  ore, 
which  in  general  is  too  full  of  joints  and  other  cavities  to  be  worked 
in  this  manner,  but  for  driving  or  sinking  in  the  limestone ;  in  this 
they  effect  a  very  considerable  saving  in  time  and  cost. 

Tlie  timber  used  in  the  pits  is  generally  larch,  though  Norway 
timber  is  also  used,  at  least  for  prop  wood.  In  Plate  48  are  shown 
sections  of  the  working,  explaining  the  mode  of  timbering.  Fig.  G 
is  a  longitudinal  section  of  a  main  road  or  driftway,  7  ft.  high  and 
6  ft.  wide,  as  seen  in  cross  section  in  Fig.  8.  A  course  of  timber 
consists  of  two  forks  A  A,  averaging  6  in.  diam.,  supporting  a  headtree 
B  of  same  size  ;  the  forks  are  "  collared "  or  shaped  to  fit  the 
headtree,  and  the  latter  is  "  nogged  "  with  wooden  plugs  E  to  keep 
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tlio  forks  iu  tlicir  places ;  or  in  some  cases  iron  "  dogs "  are  used 
for  the  latter  purpose.  In  order  to  keep  loose  material  from  falling 
into  the  workings,  "  spiles "  or  slabs  of  timber  C  C  are  driven  in 
lengthwise  above  the  lieadtrees ;  they  are  generally  4^-  ft.  long  by 
1  in.  or  1|-  in.  thick.  Spiles  D  D  are  also  driven  in  sometimes 
at  the  sides,  behind  the  forks;  but  generally  only  in  the  softer 
portions  of  the  deposits.  Sole-trees  are  seldom  used  in  the  mines  of 
the  district ;  and  where  they  are  used  they  are  not  laid  across  the 
floor  of  the  driftway,  but  lengthwise  under  the  forks.  In  the 
longitudinal  section  of  the  working,  Fig.  7,  the  forebreast  F  is  shown 
as  being  worked  10  ft.  high :  the  forks  are  here  7  ft.  high,  and 
in  general  8  to  10  in.  diam.,  and  the  headtrees  are  9  ft.  long ; 
the  spiles  are  driven  above  the  headtrees  at  an  angle,  as  shown, 
and  the  overlying  weight  soon  crushes  them  down  flat  on  the 
headtrees.  In  the  transverse  section,  Fig.  8,  is  shown  the  cross 
section  of  a  30  ft.  pillar ;  one  third  of  the  pillar  has  not  yet  been 
worked,  the  next  third  is  in  process  of  working,  and  in  the  remaining 
third  the  working  is  seen  in  the  act  of  collapsing  after  the  removal 
of  all  the  ore. 

The  quantity  of  ore  got  per  day  by  each  man  employed 
underground  varies  from  one  to  three  imperial  tons,  according  to  the 
quality.  The  output  from  different  mines  varies  from  100  tons  to 
1000  tons  per  day ;  the  gross  output  from  the  Furness  district, 
exclusive  of  Millom,  amounts  to  very  nearly  1,000,000  tons  per 
annum. 

The  manner  of  making  trials  for  ore  is  both  by  sinking  trial  pits 
and  by  boring.  Formerly  the  usual  method  was  by  sinking  trial 
pits ;  but  as  the  workings  became  deeper  it  was  found  necessary  to 
employ  boring ;  and  this  system,  either  with  chisel  borers  or  with 
the  diamond  drill,  has  of  late  years  been  the  common  one. 

The  engines  used  in  the  district  for  drawing  ore  are  generally 
horizontal  high-pressure  engines,  though  in  some  cases  condensing 
engines  are  used.  In  general  they  are  not  of  greater  power  than  20 
to  30  horse-power.  The  pumping  engines  are  for  the  most  part  of 
the  Cornish  construction,  having  cylinders  up  to  70  in.  diameter.  An 
80-in.  engine  is  being   constructed  at  Stank  mine  at  the   present 
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time,  but  about  40  in.  is  perhaps  the  most  usual  size.  The  greatest 
quantity  of  water  raised  from  one  mine  does  not  exceed  2200  gallons 
per  minute. 

The  district,  being  of  a  somewhat  hilly  nature,  has  enabled  adits 
to  be  driven  in  a  few  places,  as  at  Whitriggs  and  Parkhouse ;  thereby 
saving  pumping  to  a  height  of  26  fathoms  at  the  former  mines,  and 
20  fathoms  at  the  latter. 


Discussion. 

Mr.  Edward  Wadham  said  it  might  be  interesting  to  the  members 
to  learn  a  little  as  to  the  uncertainty  of  working  iron  mines  in  the 
Furness  district.  Of  all  the  mineral  deposits  with  which  mining 
engineers  had  to  deal,  there  was  nothing  so  uncertain  as  haematite 
iron  ore.  As  described  in  the  paper,  it  lay  in  joints  and  fissures  of 
the  limestone  rock,  and  at  the  divisions  between  the  limestone  and 
the  clay-slate  rock  below,  and  between  the  limestone  and  the  new 
red  sandstone  rock  above.  As  shown  by  the  diagrams,  the  method  of 
working  was  necessarily  very  irregular.  The  diagrams  gave  no 
exaggerated  picture ;  in  fact  they  were  a  little  within  the  truth.  In 
the  first  instance  the  ore  was  sunk  upon,  where  it  had  been  discovered 
or  where  it  was  supposed  to  lie,  by  means  of  a  horse-gin  ;  but  in  many 
instances,  even  at  the  present  time,  a  still  more  primitive  method  of 
proving  the  ore  was  resorted  to,  namely  by  a  jack-roll  and  a  skip. 
The  effect  of  working  the  iron  ore,  owing  to  the  strata  above  not 
being  really  strata  but  drift,  was  that  when  the  ore  was  taken  out 
the  surface  collapsed,  as  shown  in  the  diagram,  and  the  pits  got  out 
of  shape.  It  might  occur  to  many  to  ask,  "  Why  do  you  not  sink  a 
main  shaft  at  once,  and  save  the  expense  of  sinking  these  temporary 
shafts,  which  have  to  be  abandoned?  "  If  the  iron  ore  deposits  were 
stratified,  that  would  be  a  proper  argument ;  or  if  there  was  anything 
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by  which  to  form  any  reasonable  idea  where  the  iron  ore  was,  or 

what  was  its  quantity,  the  argument  would  still  be  perfectly  correct. 
Lut  tlicy  were  obliged,  in  working  ha)matite  iron  ore,  to  feel  their  way 
as  they  went  on ;  and  until  they  were  satisfied  that  they  had  got  a 
deposit  worth  the  exi^cnse  of  a  rock-shaft  and  machinery,  it  was  more 
economical  to  work  with  temporary  shafts,  and  thus  ascertain  what 
they  were  really  going  to  get.  The  gin-shaft  was  sunk  down  to 
about  10  fathoms  below  the  surface  ;  then  they  first  of  all  drove  out 
a  horizontal  heading  to  prove  the  extent  of  the  ore.  At  the  end  of 
this  heading,  where  the  ore  was  found  to  be  cut  off  by  the  limestone 
rock,  a  rise  was  put  up  right  to  the  top,  and  from  the  top  of  that  rise 
another  horizontal  heading  was  again  driven  out  to  the  rock.  The 
ore  was  then  taken  off  layer  after  layer,  and  gallery  by  gallery,  until 
they  came  down  to  the  first  heading,  which  served  as  a  main  road 
during  the  time  of  working  with  the  gin-shaft. 

The  whole  of  the  ore  above  that  heading  was  thus  taken  out,  and 
the  timber  was  -allowed  to  interlace  itself  and  collapse,  and  the 
superincumbent  drift  to  fall  down  upon  the  timber,  causing  the 
surface  to  break.  Upon  that  broken  surface  it  frequently  happened 
that,  in  consequence  of  the  rainfall,  ponds  of  water  accumulated.  It 
might  be  supposed  that  it  would  be  dangerous  to  have  these  ponds 
just  overhead,  while  the  mines  were  being  worked ;  but  there  was  not 
much  danger  in  it,  because  a  large  amount  of  the  surface  ground 
consisted  of  clay,  which,  mixing  with  the  water,  formed  a  natural 
puddle,  and  made  a  water-tight  bottom  to  the  ponds.  As  a  matter  of 
fact,  those  ponds  had  very  seldom  given  any  trouble ;  and  as  soon  as 
it  was  found  that  there  was  any  leakage  from  them  into  the  mines, 
special  pumps  were  put  down  to  pump  the  water  away  at  the  surface, 
and  leave  the  top  clear. 

The  engine-shaft  in  the  diagram  was  merely  shown  upon  its  first 
operation.  It  was  sunk  down  to  a  certain  depth  below  where  the  ore 
had  been  worked  out ;  then  the  main  road  was  driven  out  from  the 
shaft,  and  the  operation  he  had  mentioned  of  getting  the  ore  was 
repeated.  During  the  time  this  working  was  being  carried  on,  the 
operation  of  further  sinking  the  shaft  was  also  carried  forward,  and 
the  driving  out  of  the  next  level  below  was  also  going  on ;  so  that 
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by  the  time  tliey  had  exhausted  the  upper  section,  they  were  ready  to 
begin  taking  off  another  section  below ;  and  so  on,  until  they  found 
the  bottom  of  the  basin.  This,  he  was  happy  to  say,  they  had  often 
considerable  difficulty  in  doing ;  for  it  sometimes  happened  that  a  pit 
which  commenced  with  being  only  10  fathoms  deep  ended  with  being 
100  or  120  fathoms  deep.  The  whole  deposit  was  so  uncertain  that 
it  was  impossible  for  any  one  to  lay  down  beforehand  any  plan  by 
which  a  particular  mine  could  be  worked. 

It  might  be  well  to  explain  why  the  main  shaft  was  sunk  down 
10  or  20  fathoms  all  at  once,  and  then  a  rise  put  up  again  from  the 
bottom  level  to  work  the  ore  above  ;  why  they  did  not  rather  drive 
out  each  time  from  the  shaft,  and  take  out  each  successive  layer  by  a 
separate  heading.  If  a  fresh  heading  were  driven  out  each  time 
from  the  shaft,  they  would  have  each  time  a  dead  drivage  to  get 
through  at  starting,  since  all  the  limestone  in  the  heading  would 
have  to  be  got  out  each  time  for  no  profit.  As  it  was,  the  shaft  alone 
went  down  in  the  limestone,  and  the  ore  was  taken  out  by  means  of 
rises  made  in  the  ore,  which  paid  as  the  work  went  on.  It  was  thus 
more  economical  to  sink  the  shaft  and  drive  out  from  it  in  the  way 
that  had  been  described. 

The  mode  of  arranging  the  timber  was  shown  in  Plate  48 ;  and 
after  working  out  the  first  level  they  let  down  the  spiling-boards 
&c.,  and  these,  with  the  debris  as  it  came  down,  formed  a  roof  under 
which  they  drove  for  the  next  level.  Each  level  was  close  under  the 
one  above,  and  the  roof  of  the  upper  level  all  settled  down  during  the 

time  of  working  out  the  lower. 

■ 

The  President  observed  it  was  mentioned  in  the  paper  that  some 
of  the  ginnels  ran  very  nearly  on  the  magnetic  meridian.  Of  course 
it  was  understood  that  it  was  not  magnetic  ironstone ;  but  the 
statement  might  lead  a  reader  to  imagine  that  there  was  something 
magnetic  about  it.     It  was  probably  only  an  accidental  circumstance. 

Mr.  Wadham  replied  that  in  the  Furness  district  it  was  found 
all  mineral  veins  took  more  or  less  the  direction  of  north  and  south ; 
but  the  haimatite  iron  ore  was  in  no  way  magnetic. 
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Mr.  C.  Cochrane  noticed  a  statement  in  the  paper  in  reference 
to  the  clei)th  at  which  the  ore  was  found,  namely  that  at  Stank 
mine  "  the  limestone  only  begins  at  a  dejith  of  about  60 
fathoms,  being  overlain  to  that  depth  by  Yoredale  shales."  He 
would  ask  whether  this  did  not  offer  some  encouragement  to  seek 
for  red  ore  beneath  the  Yoredale  shales,  where  it  had  not  hitherto 
been  explored.  It  was  evident  that  the  deposits  of  ore  had  taken 
jdace  in  the  limestone  before  the  Yoredale  shales  were  deposited. 

Mr.  Wadham  replied  that  the  experiment  at  Stank  was  the 
first  that  had  been  carried  out  to  prove  whether  the  ore  existed 
beneath  the  Yoredale  shales.  These  shales  had  formerly  been  taken 
for  coal  shales  ;  and  in  the  old  records  of  the  manor  of  Furness  there 
was  a  statement  to  the  effect  that  an  owner  of  land  had  been  fined  at 
the  lord's  court  for  sinking  a  coal-pit  in  his  own  land  without  the 
lord's  permission :  that  was  near  to  the  Stank  mine.  There  w^as  no 
record  of  any  coal  having  been  found  in  the  Yoredale  shales ;  he 
believed  how^ever  there  was  a  seam  of  coal  which  might  be  detected 
by  a  microscope,  found  lying  between  two  beds  of  shale. 

Mr.  Schneider  said  that  the  Barrow  Haematite  Co.,  being 
anxious  to  ascertain  practically  what  was  the  real  fact  with  regard  to 
the  Yoredale  shales,  had  bored  a  hole  400  fathoms  deep,  but  they  had 
only  found  one  or  two  fragments  of  coal ;  eventually  they  arrived 
at  limestone.  There  could  be  no  doubt  that  the  remark  made  by 
Mr.  Wadham  was  perfectly  true, — that  they  knew  nothing  whatever 
at  present  as  to  the  real  value  of  the  district ;  they  only  knew  what 
they  had  actually  got.  He  was  one  of  those  who  thought  there  was 
yet  a  very  great  deal  to  be  found  that  they  had  never  yet  dreamt  of. 
Nothing  was  so  uncertain  and  deceptive  as  the  iron  ore  deposits. 
The  most  encouraging  ventures  had  ended  in  disappointment,  and 
the  most  discouraging  trials  had  ended  in  supreme  success.  In 
Stank  mine  for  instance,  they  had  sunk  for  coal  and  found  iron  ore. 
It  was  a  very  remarkable  fact  that  the  "  old  men  "  who  made  pits  at 
Stank  a  hundred  or  more  years  ago  (no  one  now  could  tell  when  it 
was  done)  had  sunk  two  pits  twenty  yards  from  eacli  other.     There 
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was  no  reason  why  in  tlie  present  working  tLey  should  themselves 
have  tried  one  of  these  pits  rather  than  the  other,  except  that  one 
was'  nearer  the  main  road,  and  therefore  they  had  not  so  far  to 
carry  the  material.  Now  if  they  had  sunk  in  the  further  pit  they 
would  never  have  found  Stank  mine.  They  sank  in  the  nearer,  and 
came  down  into  iron  ore,  after  going  through  limestone  a  very  few 
yards ;  but  if  they  had  sunk  in  the  further,  they  would  have  gone 
down  55  fathoms  in  solid  blue  limestone  without  a  trace  of  iron  ore ; 
the  shaft  would  then  have  been  abandoned,  and  Stank  mine  would 
not  now  be  in  existence.  The  same  thing  might  be  said  with 
reference  to  Park  mine,  which  had  been  very  discouraging  for  a 
great  number  of  years ;  at  last,  when  it  was  all  but  being  abandoned, 
they  were  told  by  the  landlord  that  if  they  did  not  make  one  more 
trial  they  must  give  up  the  lease.  He  himself  almost  despaired ;  but 
he  then  put  down  a  shaft  in  what  appeared  to  be  the  most  unlikely 
place  in  the  country,  and  succeeded  in  meeting  with  the  ore.  They 
had  been  working  at  that  spot  ever  since  1849,  and  from  a  length  of 
400  yards — the  entire  length  of  the  deposit  was  550  yards,  but  150 
yards  belonged  to  a  neighbouring  mine-owner — they  had  already 
raised  seven  million  tons  of  iron  ore.  The  slate  rock  there  came 
down  at  an  angle  of  about  45  degrees  and  under-cut  the  mine  ;  and 
at  that  end  which  might  be  called  the  north,  because  it  was  the 
farthest  to  the  north,  the  ore  was  only  6  fathoms  from  the  surface ; 
but  400  yards  to  the  south  it  was  25  fathoms  from  the  surface; 
nearer  the  surface  there  was  nothing  but  drift. 

There  was  a  very  remarkable  feature  in  Park  mine,  which  was 
worthy  of  notice.  In  the  centre  of  the  mine  there  was  a  space  of 
about  100  yards  wide  by  200  yards  long,  which  was  entirely  drift — 
partly  decomposed  sandstone,  or  what  they  called  "  black  muck,"  and 
partly  white  sand,  so  good  and  pure  that  they  were  raising  100  tons 
a  week  for  use  at  the  blast-furnaces.  The  ore  lay  all  round  this 
patch  of  drift.  The  depth  at  which  the  mine  was  now  worked  was  60 
fathoms,  and  there  the  size  of  the  patch  was  reduced  by  two-thirds, 
and  there  were  already  indications  at  the  greatest  depth  that  the  ore 
was  going  clean  under  the  patch,  so  that  at  the  next  depth,  70  fathoms, 
he  hoped  to  find  the  drift  altogether  gone.     There  was  also  another 
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remarkable  tiling  at  Park,  namely  that  at  a  short  distance  to  the 
soutli-west  there  were  other  largo  jiots,  out  of  whicli  they  had  raised 
hundreds  of  thousands  of  tons  of  ore.  At  a  distance  of  300  or 
400  yards  again  to  the  west,  there  had  been  one  of  the  most  promising 
discoveries  that  had  taken  place  of  late  years — a  vein  opening  out 
in  the  middle  of  the  rock  like  a  fork.  It  was  difficult  to  work,  and 
it  was  an  expensive  place  to  make  experiments  in ;  they  had  therefore 
been  cautious  in  not  spending  too  mucli  money  until  they  knew  that 
the  place  was  worth  working ;  but  it  appeared  as  if,  in  connection 
to  a  certain  extent  with  Park  mine,  they  were  going  to  have  for  some 
hundreds  of  yards  a  regular  vein  of  iron  ore,  quite  different  from 
the  deposit  found  at  Park,  which  was  a  solid  mass  with  nothing 
like  rock  between  it  and  the  surface.* 

Mr.  Daniel  Adamson  said  that,  the  paper  having  pointed  out  the 
geological  conditions  under  which  the  iron  ore  had  been  deposited, 
he  thought  they  might  safely  come  to  the  conclusion  that  the  whole 
deposit  had  been  formed  since  the  formation  of  the  clay-slate.  Very 
few  geological  changes  appeared  to  have  taken  place  in  the  Furness 
district,  compared  with  those  in  some  other  places.  Taking  the 
geological  period  from  the  old  red  sandstone,  the  ore  seemed  to  have 
been  deposited  all  through  the  period  of  the  carboniferous  formation 
and  the  magnesian  limestone;  and  it  had  clearly  ended  with  the 
beginning  of  the  formation  of  the  new  red  sandstone.  Hence  they 
must  not  be  surprised  to  find  it  in  large  quantities,  and  exceedingly 
peculiar  in  its  mode  of  deposit.  It  appeared  to  him  that  after  the 
clay-slate  had  been  thrown  down,  and  while  the  mountain  limestone 
was  being  deposited,  the  next  upheaval  would  necessarily  carry  up 
the  limestone,  leaving  fissures  here  and  there,  both  laterally  and 
longitudinally  ;  for  the  rounded  surface  must  necessarily  have  occuj)ied 
a  greater  space  than  before,  the  originally  deposited  floor  (if  he  might 
so  call  it)  being  lifted  up  on  the  mountain  side ;  and  hence  it  would 
leave  crevices  open,  to  be  filled  up  with  deposits  of  some  sort.  Judging 
from  the  recorded  appearances  of  the  limestone  itself,  he  thought  it 

*  For  further  details  on  this  subject,  see  Mr.  Schneider's  remarks  below,  p.  377. 
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was  very  clear  that  this  was  not  a  case  of  faults  through  the  rock, 
either  by  upheaval  or  depression;  but  that  during  the  period  of 
deposit  there  had  been  a  considerable  amount  of  water  action,  as 
illustrated  by  the  rounding  off  of  corners  in  every  direction. 

He  quite  concurred  in  the  statement  of  Mr.  Schneider  that 
it  was  very  difficult  beforehand  to  estimate  the  extent  of  the  deposits, 
or  to  measure  their  importance  in  any  way.  They  could  judge  of 
them  comparatively,  if  from  that  immediate  district  they  passed 
dnto  another,  where  the  formation  must  certainly  have  been  much 
quieter  and  less  disturbed.  He  would  refer,  for  instance,  to  the 
cross  section  of  the  country  from  Manchester  to  the  east  coast. 
Beginning  at  Sheffield  on  the  coal  measures,  and  passing  to  the  east, 
all  that  great  district  must  certainly  have  been  below  w^ater-level, 
and  subject  to  a  general  depression.  There  a  series  of  coal  seams 
were  found  interlaced  with  sand,  together  with  other  indications, 
showing  that  there  had  been  a  series  of  drift  deposits  between 
each  seam  of  coal,  resulting  in  a  comparatively  stratified  rock. 
On  the  ridge  at  Woodhead  it  was  clear  that  the  deposits  must  have 
been  formed  at  about  the  water-level,  and  that  afterwards  the  strata 
must  have  been  quietly  depressed  throughout  the  whole  geological 
period,  without  any  violence,  but  not  with  uniform  regularity.  And  if 
the  ground  did  not  come  down  with  uniform  regularity,  there  were 
chances  that  there  might  be  breaks  and  ruptures  which  would  lead 
to  crevices,  even  at  the  latest  period  just  previous  to  the  formation 
of  the  new  red  sandstone.  He  thought  they  might  consider  that  the 
whole  of  that  time  must  have  been  an  iron-depositing  age,  because 
at  that  period  in  the  history  of  the  earth  they  had  the  whole  series 
of  iron  ores,  especially  those  in  North  Staffordshire,  showing  that  iron 
must  then  have  been  abundant  in  one  shape  or  another.  Coming  to  the 
new  red  sandstone  formation,  overlying  the  iron,  coal,  and  magnesian 
limestone  deposits,  the  iron  period  had  not  yet  passed  away,  because 
there  were  several  places  where  the  new  red  sandstone  contained  as 
much  as  20  per  cent,  of  iron,  and  at  other  places  it  might  range  from 
4  to  10  or  12  per  cent. ;  hence  it  was  manifest  that  at  that  time  the 
iron  had  not  ceased  to  be  deposited,  but  that  it  was  intermixed  with 
a  larger  quantity  of  siliceous  or  other  matter. 

2  G  2 
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The  mountain  limestone  and  the  Yorcdale  rocks  liad  been  subject 
to  a  great  dqal  of  wear  and  tear  by  water,  and  liad  the  greatest  crevices, 
and  were  therefore  likely  to  contain  tlie  laigest  deposits.  Looking 
at  the  formation  of  the  rocks  in  this  way,  he  thought  they  would  be 
most  likely  to  find  the  ore  directly  below  the  new  red  .  sandstone, 
where  in  that  district  the  earth  might  have  been  comparatively  at 
peace  for  some  time,  and  the  deposit  might  have  taken  place  over 
considerable  areas  just  before  the  great  i)criod  of  the  new  red 
sandstone  deposit.  It  was  clear  from  Mr.  Wadham's  explanation-* 
that  there  could  be  no  means  of  judging  of  the  ore  deposits  from  the 
lithological  character  of  the  rocks  themselves,  the  whole  being  in  so 
disturbed  a  condition. 

Mr.  J.  L.  Shaw,  in  reply,  observed  there  could  be  no  doubt  but 
that  iron  was  a  very  important  constituent  in  almost  all  rocks. 
De  la  Beche  in  his  researches  gave  the  proportion  of  iron  in  all  rocks 
as  averaging  2  per  cent. ;  and  5J  per  cent,  in  the  lowest  stratified 
rocks,  to  which  the  clay-slate  belonged.  For  his  own  part  he  was  of 
opinion,  seeing  that  iron  was  such  an  important  constituent  in  the 
earth's  crust,  that  it  was  hardly  necessary  for  practical  men  to  pitch 
upon  any  particular  formation,  or  body  of  rocks,  to  account  for  where 
the  iron  came  from.  Taking  into  consideration  chemical  agencies  in 
conjunction  with  the  important  element  of  time,  it  seemed  to  him 
hardly  necessary  to  suppose  immense  springs,  or  the  ocean  largely 
charged  with  iron  ;  for  it  had  been  observed,  he  believed  by  Sir 
Charles  Lyell,  that  in  such  cases  a  little  force  acting  for  a  long  time 
might  be  equivalent  to  a  great  force  acting  for  a  limited  time. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Shaw  for  his 
paper,  which  was  carried  by  acclamation. 


The  following  remarks  by  Mr.  Schneider  upon  the  rise  and 
progress  of  Barrow,  during  his  connection  with  the  Furness  district, 
were  made  by  him  in  the  course  of  the  subsequent  excursion  to 
"Windermere  (see  infra,  p.  488),  and  are  here  inserted  by  his 
permission. 
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"On  my  arrival   in  Furness  for  the  first  time  in  1839,  I  was 
forcibly  struck  with   the    iron  ore  mines  of  the  district,   and   felt 
perfectly  convinced  that  under  a  proper  system  of  management  they 
would  yield  far  more  satisfactory  results  than  they  had  hitherto  done. 
At  this  time  the  production  did  not  reach  1000  tons  per  week ;  but 
on  going  carefully  through  the  district  I  felt  satisfied  that  a  more 
practical  exploration  of  it  would  yield  satisfactory  commercial  results. 
In  the  course  of  my  progress  I  visited  Barrow,  which  at  that  time 
was  a  mere  hamlet ;  in  fact  the  total  number  of  houses  was  nine, 
consisting  of  one  farmhouse,  two  public-houses,  and  six  labourers' 
cottages.     Acting  on  the  impression  made  upon  my  mind,  I  procured 
from  the  Duke  of  Devonshire  a  royalty,  on  which  subsequently  the 
present   Park   mines   were  discovered.      My  first   operations   were 
most  discouraging ;  but  extending  my  research  by  taking  property 
from  other  owners,  I  established  mines  sufficiently  encouraging  to 
induce  me  to  persevere.     From  the  period  that  I  have  mentioned, 
1839,  Barrow  itself  made  no  progress  whatever  until  the  railway  was 
taken  to    the   port.     When   that  railway   was  opened  in    1847  the 
population  had  only  advanced  to  300  ;  and  its  progress  continued 
very  slow  in  spite  of  the  facilities  given  by  the  railway  for  shipments 
of  iron  ore ;  so  that  at  the  commencement  of  1859,  some  years  after 
the  discovery  of  the  Park  mines,  the  population  did  not  exceed  700. 
After  meeting  very  great  discouragements  in  my  searches  for  iron 
ore,   after   having    expended   a   very    large    sum  of   money,   which 
appeared  to  be  practically  thrown  away,  and  after  having  all  but 
abandoned  the  Park  royalty,  I  was  stimulated  to  one  last  effort  by  a 
letter   from  the  agents  of  the  owners,  stating  that   I  must  either 
continue  my  search  or  abandon  the  royalty.     I  determined  to  make 
one  last  search  ;  and  having  hitherto  tried,  as  I  thought,  in  the  most 
likely  spots,  I  now  determined  on  a  spot  which  appeared  extremely 
unlikely  for  the  discovery  of  ore.    Still  in  this  I  had  formed  a  certain 
theoretical  opinion,  which  was  now  to  be  tested  in  a  practical  way, 
and  I  sank  one  last  shaft ;  which,  after  going  through  six  fathoms 
« of  nothing  but  soil  and  gravel,  came  upon  a  solid  mass  of  ore  ;  and 
the  celebrated  Park  mine  was  discovered.      This  was  in  the  year 
1850.     The  production  of  Park  mine  rapidly  increased,  and  it  proved 
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SO  large  a  deposit  of  ore  that  the  attention  of  my  partner  and  myself 
was  attracted  to  the  advisability  of  erecting  furnaces  for  tlie  smelting 
of  the  ore.  The  diflSculty  was  the  procuring  of  a  sufficient  supply  of 
coke  by  railway,  but  this  even  at  that  time  was  in  course  of  solution  ; 
and  by  the  opening  of  the  branch  railway  from  Ulverston  to  Carnforth, 
Durham  was  brought  into  direct  railway  conmiunication  with  the 
Furness  district.  The  opening  of  this  railway  took  place  in  the 
latter  end  of  1857  ;  and  during  the  early  part  of  1858  our  plans  were 
matured,  and  we  commenced  the  erection  of  furnaces  at  Barrow  on  or 
about  1st  January,  1859.  The  result  has  been  shown  by  the  Barrow 
Haematite  Iron  and  Steel  Works,  which  you  have  inspected  dui'ing 
your  visit. 

"  The  population  of  Barrow  at  the  time  that  we  commenced  the 
erection  of  the  furnaces  was  somewhere  about  700.     The  census  of 
1861  gave  a  population  of  only  3,000,  showing  a  comparatively  small 
though   substantial  advance  in  the  state  of  the  town.     The  stride 
taken  in  the  succeeding  ten  years  was  more  marked,  and  the  census 
of   1871    gave   a   population   rather  exceeding  18,000.     From  this 
period  the  rise  of  the  town  was  still  more  rapid,  and  the  population 
increased  in  the  next  three  years  to  the  remarkable  amount  of  42,000, 
showing  an  increase  of  125  per  cent,  on  the  population  of  1871. 
This  result  was  mainly  due  to  the  establishment  of  the  Shipbuilding 
Yard,  Flax  and  Jute  Works,  and  other  industries,  which  called  for  a 
considerable  amount  of  labour.     But  the  depression  of  trade  which 
commenced  about  1875  caused  a  cessation  in  the  erection  of  buildings, 
and  naturally  a  considerable  decrease  in  the  large  population  that 
had  hitherto  been  employed  in  the  building  trade.     This  to  a  certain 
extent  affected  for  a  time  the  prosperity  and  population  of  the  town  ; 
but  Barrow,  after  passing  thi'ough  the  depression  of  the  last  few 
years,  has  once  more  emerged  from  the  temporary  cloud  cast  over  its 
prosperity,  and  its  population   has  once   more  begun  to  rise  in  a 
remarkable  manner.     A  private  census  taken  by  the  corporation  in 
1878  showed  that  the  population  had  been  reduced  to  38,000.     The 
present  calculation  of  the  population  is  at  least  44,000 ;  and  at  the 
present  time  there  is  hardly  a  single  unoccupied  house  in  the  whole 
borough.     More  than  200  have  been  erected  during  the  present  year. 
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"  It  is  a  remarkable  fact  tliat,  in  spite  of  tlio  disadvantages  which 
attend  the  sudden  rise  of  a  new  town,  pauperism  has  been  singularly- 
low  within  the  borough.  For  many  years  up  to  1878  the  total 
pauperism  of  Barrow — in-door  and  out-of-door— 'did  not  exceed  about 
1  to  IJ  per  cent. ;  and  during  the  depth  of  the  depression,  which 
reached  its  climax  during  the  last  severe  winter,  the  pauperism  did 
not  exceed  IJ  per  cent,  upon  the  population.  At  this  moment  the 
reduction  has  been  so  great  that  the  present  pauperism — as  extracted 
from  the  last  week's  return  to  the  Board  of  Guardians — only  amounts 
to  1|-  per  cent,  of  the  population  of  the  town.  It  must  be  borne  in 
mind  that  in  a  town  like  Barrow,  where  the  working  class  are 
to  a  great  extent  engaged  in  necessarily  hazardous  occupations,  the 
number  of  widows  and  orphans  will  bear  a  larger  ratio  to  the  total 
pauperism  than  in  ordinary  cases ;  and  it  Avill  not  be  forgotten  that 
at  present  the  total  pauperism  of  Great  Britain  amounts  to  no  less 
than  2J  per  cent. 

"  One  word  in  conclusion.  In  1839  the  production  of  iron  ore  in 
this  district  was  only  1000  tons  per  week,  and  that  of  pig  iron  was 
nil.  Now  the  Barrow  Works,  alone,  are  producing  at  the  present 
moment  at  the  rate  of  500,000  tons  of  iron  ore  per  annum,  and  1000 
tons  of  pig  iron  per  diem ;  while  the  total  estimated  production  of 
the  whole  of  the  Furness  district  for  this  year  is  1,100,000  tons 
of  haematite  iron  ore  and  500,000  tons  of  pig  iron." 


The  following  paper  was  then  read :- 
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ON  THE  MANUFACTURE  OF  JUTE. 


By  ]VIb.  WILLIAM  FLEMING,  of  Barrow-in-Fueness. 


Wliile  Jute  has  long  been  known  to  the  natives  of  Bengal, 
and  largely  used  by  them  in  various  textile  manufactures,  and  for 
paper-making  purposes,  its  introduction  into  this  country  is  of 
comparatively  recent  date. 

In  1796  the  East  India  Company  imported  some  small  quantities 
of  jute,  and  afterwards  continued  importing  it  in  small  lots  now  and 
then ;  but  it  made  no  progress  whatever  with  the  manufacturers  of 
this  country.  What  was  thus  imported  seems  to  have  been  employed 
in  the  neighbourhood  of  London,  in  the  production  of  door-mats, 
ropes,  &c.  Portions  of  the  samples  however  appear  to  have  found 
their  way  to  Abingdon,  in  Oxfordshire,  where  there  were  a  few 
manufacturers  of  sackings  and  woollen  carpetings.  There  it  was 
spun  by  hand,  and  used  up  to  a  small  extent  in  some  of  their 
fabrics.  The  Abingdon  manufacturers  therefore  appear  to  have  the 
credit  of  being  the  first  to  employ  jute  in  textile  fabrics  in  this 
country. 

About  1833  some  of  the  jute  yarn  thus  spun  at  Abingdon  was 
sent  to  Dundee,  where  the  matter  attracted  attention;  and  shortly 
afterwards  was  commenced  at  Dundee  that  manufacture  of  jute, 
which  has  resulted  in  such  an  extraordinary  development  of  this 
industry  in  Great  Britain  and  Ireland,  and  on  the  Continent.  The 
increase  in  the  consumption  of  jute  during  the  last  fifty  years  is  most 
remarkable.  The  total  export  of  jute  from  Calcutta  in  1829-30 
amounted  to  20  tons,  valued  at  £60 ;  it  has  now  risen  (in  addition 
to  the  enormous  consumption  for  manufacturing  purposes  in  Bengal 
itself)  to  upwards  of  350,000  tons,  or  nearly  2,000,000  bales 
annually,  amounting  in  value  to  about  £6,000,000. 
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Jute  is  mainly  grown  in  Bengal,  and  exported  from  Calcutta. 
It  is  sown  in  March  and  April,  and  during  the  following  three 
months  attains  a  height  of  from  10  to  12  ft.,  while  the  stems  reach 
from  1  to  2  in.  in  circumference. 

Shortly  after  the  plant  has  flowered,  it  is  cut  down  near  to  the 
ground,  tied  up  in  bundles  of  from  50  to  100  plants  each,  and 
"  retted,"  that  is,  steeped  in  stagnant  water  from  eight  to  ten  days, 
till  the  "  bast "  (or  the  fibre  lying  between  the  bark  and  the  stem) 
can  be  separated  from  the  wood.  It  is  then  removed  from  the  water 
and  beaten  gently  against  a  board,  until,  with  a  little  management, 
the  native  operator  can  strip  off  the  whole  from  the  stem  without 
damage  to  either  stem  or  fibre.  The  fibre  is  then  drawn  through 
the  water  until  all  impurities  are  washed  or  picked  off.  It  is  then 
dried  in  the  sun,  and,  after  having  been  assorted  into  different 
grades  of  quality,  is  exported,  under  various  distinctive  marks,  in 
bales  of  400  lbs.  each,  to  London,  Liverpool,  Dundee,  Barrow,  and 
other  markets. 

Softening. 

The  Jute  Fibre  being  of  a  somewhat  harsh  nature,  the  first  process 
which  it  has  to  undergo  after  being  released  from  the  bale,  where  it 
is  very  tightly  compressed,  is  that  of  softening.  This  is  done  by 
dividing  the  jute  into  stricks  or  handfuls,  and  passing  these  stricks 
through  between  a  series  of  heavy  fluted  rollers,  which,  by  crimping 
and  crushing,  and  in  a  manner  rubbing  the  fibres,  render  them  softer 
and  more  yielding. 

The  Softening  Machine,  Figs.  1  and  2,  Plate  49,  consists  of  four 
horizontal  rows  of  fluted  rollers  about  9  in.  diameter  and  2  ft.  6  in. 
long,  with  ten  rollers  in  each  row.  Each  roller  in  the  bottom  or 
fourth  row  bears  the  weight  of  the  three  rollers  above  it,  those  in 
the  third  row  are  pressed  by  the  weight  of  two  rollers,  and  those  in 
the  second  row  by  the  weight  of  one  roller.  The  stricks  of  jute  pass 
first  between  the  pairs  of  rollers  constituting  the  first  and  second 
rows,  then  return  between  the  second  and  third  rows,  and  pass  lastly 
between   the   third  and  fourth  rows,  being  delivered  in  a  softened 
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couditlon  at  the  opposite  end  of  tlio  niacliiiic  to  that  where  they 
were  introduced,  and  liaving  been  subjected  during  the  process  to 
an  increasing  Aveight  as  tliey  entered  between  the  different  rows. 
The  softening  of  the  jute  is  at  the  same  time  assisted  by  an  operation 
called  "  batching,"  i.e.  the  sprinkling  of  the  stricks  with  water  and 
oil  whilst  they  are  passing  through  the  machine.  This  is  done  by 
having  two  cisterns,  one  containing  water  and  the  other  containing 
oil,  placed  over  the  machine.  Inside  the  cisterns  are  revolving 
rollers  which  lift  the  liquids,  and  discharge  them  over  a  scraper,  or 
doctor,  so  that  they  drop  upon  the  jute  as  it  passes  between  the 
rollers. 

Beeakee  Card. 

The  jute  having  been  softened,  and  weighed  into  bundles,  is 
conveyed  to  the  Breaker  Card,  shown  in  Figs.  3  and  4,  Plates  50 
and  51. 

The  principal  parts  of  this  machine  consist  of  a  horizontal  carding 
cylinder,  4  ft.  diam.  x  6  ft.  wide  on  its  working  surface,  covered  with 
sharp  steel  pins  inclined  slightly  forwards  in  the  direction  in  which 
the  cylinder  revolves ;  and  of  a  number  of  small  rollers  arranged 
round  the  periphery  of  the  cylinder,  each  of  these  rollers  being  also 
covered  with  pointed  pins.  The  stricks  of  jute  are  laid  or  spread  by 
the  attendant  upon  an  endless  travelling  sheet  A,  Fig.  3,  which  conveys 
them  to  the  first  roller,  called  the  feeder ;  and  the  pins  which  cover  the 
surface  of  this  roller  enter  the  jute  and  carry  it  forward  to  the  point 
where  it  comes  in  contact  with  the  pins  of  the  carding  cylinder.  The 
sui'face  speed  of  the  pins  on  the  feeder  being  about  10  ft.  per  minute, 
whilst  the  speed  of  the  pins  on  the  cylinder  is  about  2000  ft.  per 
minute  and  in  the  opposite  direction,  the  fibres  which  are  slowly 
presented  and  delivered  by  the  feeder  receive  a  severe  combing  or 
dressing  from  the  pins  on  the  cylinder  before  they  are  finally 
released  by  the  feeder.  The  cast-iron  shell  which  encases  the 
underside  of  the  feeder  for  about  one-sixth  of  its  circumference 
serves  to  keep  the  fibres  embedded  in  the  feeder  pins,  so  as  to 
prevent  their  being  carried  off  by  the  cylinder  before  being  properly 
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carded,  a  large  quantity  of  the  fibre  however,  when  struck 
by  the  pws  of  the  rapidly  revolving  cylinder,  is  broken  off  and 
carried  forward  on  the  points  of  the  cylinder  pins;  and  it  is  to 
straighten  out,  comb,  and  split  these  portions  that  the  other  rollers 
called  workers  and  strippers,  are  applied.  ' 

_      The  first  roller  that  acts,  after  the  fibres  have  left  the  feed  roller 
IS  the  woiter.     This  roller,  which  is  about  9  in.  diameter,  is  placed 
with  Its  pin  points  at  a  distance  of  from  l-16th  to  l-8th  in.  from  the 
points  of  the  cylinder  pins.     The  angle  of  the  worker  pins  is  very 
much  more  acute  than  that  of  the  cylinder  pins,  and  inclined  in  the 
opposite  direction.     The  worker  surface  runs  in  the  same  direction 
as  the  contiguous  cylinder  surface,  but  only  at  a  speed  of  about  50  ft 
per  minute.     The  effect  is  that  the  fibres  projecting  from  the  pins  of 
the  cylinder  are  caught  on  the  pins  of  the  slowly  revolving  worker  • 
and  as  the  direction  and  pull  of  the  cylinder  pins  tend  to  force  the' 
fibres  on  to  the  pins  of  the  worker,  a  considerable  portion  is  retained 
bythe  latter.      The  worker  is  in  its  turn  cleared  of  fibre  by  the 
stripper,  a  roller  about  13  in.  diameter,  the  surface  of  which  runs 
at  a  speed  of  about  430  ft.  per  minute  in  the  opposite  direction  to 

tin    ..     r      I'  "''  ''''''"'"^  """^  f'"^  ^"•=^'-'1  f— <1^>  it 

bvl     n,  "^   ''"'  ™^'^^'   ^"'^  '^  i'-lf  cleared  afterwa;ds 

by  the  still  more  rapidly  travelling  cylinder. 

The  same  process  is  repeated  at  the  second  worker  and  stripper 
which  are  placed  rather  closer  to  the  pins  of  the  cylinder  than  the  first' 
two  rollers.  After  passing  the  second  worker  and  stripper,  the  fibres 
a.e  carried  forward  to  the  doffer,  a  roller  about  Ig'L' diameter 

the  wo^er,  andhas  its  covering  similarly  arranged,  except  that  in  the 
defer  the  pms  are  rather  finer  and  more  numerous.     The  pins  of  this 
roller  are  set  close  to  those  of  the  cylinder,  so  that  the  whole  of  the 
fibres  are  caught  by  them,  and  carried  round  to  the  two  doffing  rollers 
which  ^ke  the^ute  from  the  doffer  in  the  form  of  a  continuo'us  broad 

thelffi  n  *'"  ''"*  "'  "'''''^  J"''''  ^^*-  i'  ---  from 

the  dofling  rollers,  is  gathered  together  or  contracted  from  about  5  ft 

to  4  m.  by  means  of  a  tin  conductor ;  and  it  then  passes  through  tho 
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delivery  rollers  iu  the  form  of  a  continuous  sliver,  and  falls  into 
a  can. 

The  surface  speed  of  tlie  doffing  and  delivery  rollers  is  generally 
about  fourteen  times  quicker  than  that  of  the  feed  roller ;  consequently 
if  the  jute  be  spread  so  that  the  feed  roller  receives  about  2  lbs.  per 
yard,  the  sliver  delivered  into  the  can  will  measure  about  7  yards 
per  lb. 

The  tin  rollers  shown  under  the  workers  and  strippers  have  plain 
surfaces,  and  are  to  prevent  the  fibres,  as  much  as  possible,  from 
falling  to  the  ground,  when  the  stripper  is  clearing  the  worker. 

Finisher  Caed. 

The  jute  sliver  as  delivered  by  the  breaker  card  is  not  considered 
to  be  sufficiently  carded  for  most  purposes ;  and  it  is  therefore 
necessary  that  the  process  of  carding  should  be  repeated  on  a  second 
machine  called  the  Finisher  Card.  The  principle  on  which  this 
machine  works  is  exactly  the  same  as  that  of  the  breaker  card ;  but 
instead  of  only  two  workers  and  two  strippers,  there  are  sometimes  three, 
four,  or  five  pairs  of  these  rollers,  and  the  pins  on  the  surface  of  the 
carding  cylinder  and  rollers  are  finer  and  set  closer  to  one  another,  so 
as  to  comb  and  split  the  fibres  more  efficiently.  The  finisher  card  is 
fed  by  slivers  from  twelve  cans  from  the  breaker  card  upon  an  endless 
ti'avelling  sheet,  similar  to  that  used  in  the  breaker  card ;  which  carries 
them  forward  to  be  acted  upon  by  the  cylinder  of  the  finisher  in  the 
same  manner  as  the  stricks  of  jute  are  acted  upon  in  the  breaker  card. 
It  will  be  understood  that  the  slivers  as  delivered  by  the  breaker 
card,  although  continuous,  must  necessarily  be  rather  irregular,  i.e. 
thicker  in  some  parts  than  in  others ;  but  by  putting  twelve  of  these 
already  partially  carded  slivers  through  the  finisher  together,  a  kind 
of  average  is  struck,  and  the  slivers  delivered  by  the  finisher  card  are 
much  more  regular  and  even.  The  "  draft,"  or  proportion  of  speed, 
between  the  delivery  rollers  and  feeder  of  the  finisher  card  is  about 
16  to  1 ;  so  that,  being  fed  by  twelve  slivers,  each  measuring  about 
7  yards  per  lb.,  and  these  being  subjected  to  a  draft  of  16,  the  sliver 
delivered  by  the  finisher  card  will  measure  about  9J  yards  per  lb. 
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Drawing  Frame. 

Tlie  next  process  after  carding  is  to  have  the  fibres  of  jute  drawn 
out  straight,  and  laid  parallel  alongside  one  another;  and  this  is 
accomplished  on  a  machine  called  the  Drawing  Frame,  Figs.  5  to  8, 
Plates  50  and  51. 

There  are  several  kinds  of  drawing  frame,  all  intended  to  produce 
the  same  results ;  but  the  kind  most  in  use  is  the  system  called  the 
"spiral  gill  drawing-frame."  In  this  machine  the  slivers,  which 
have  been  delivered  into  the  cans  from  the  finisher  card,  pass  over  a 
conductor  plate  and  thence  between  three  rollers,  Fig.  8,  which  are 
called  the  retaining  rollers,  and  are  in  fact  the  feed  rollers  of  the 
machine.  Just  in  front  of  the  delivery  side  of  these  rollers  is  a  series  of 
travelling  bars  on  which  are  fixed  hackles  or  gills,  i.e.  brass  stocks  with 
steel  pins  standing  upright  in  them.  Fig.  7.  These  bars,  with  the  gills 
attached,  travel  forward  from  the  retaining  rollers,  carrying  with  them 
the  jute  fibres  into  which  the  pins  penetrate,  their  speed  being  the  same 
as  that  of  the  retaining  rollers,  or  just  as  much  faster  as  will  ensure 
that  the  slivers  are  kept  tight  and  do  not  rise  off  the  pins.  The  bars 
are  propelled  by  means  of  two  longitudinal  screws,  one  at  each  end  of 
the  bar,  cut  at  a  pitch  varying  from  1 J  to  2  threads  per  in.  The  end 
of  the  bar  which  enters  into  the  thread  of  the  screw  is  bevelled  to  the 
angle  of  the  thread,  so  that  the  body  of  the  bar  and  the  pins  are  kept 
quite  vertical,  whilst  the  end  fits  the  spiral.  There  is  one  bar  in  each 
thread  of  the  screw,  and  when  the  screws  revolve  all  the  bars  glide 
forward,  supported  on  steel  slides.  These  screws  are  called  the  top 
screws,  and  the  length  of  their  threaded  part  is  made  suitable  for  the 
length  of  fibre,  say  about  10  in.  or  11  in.  for  carded  jute.  As  each 
bar  arrives  at  the  front  or  further  end  of  the  top  screws,  it  drops  from 
the  slide  which  has  been  supporting  it  in  position,  into  the  threads  of 
two  bottom  screws  placed  exactly  under  the  top  screws,  cut  to  the 
same  hand,  but  with  a  quicker  thread  and  revolving  in  a  contrary 
direction.  These  bottom  screws  accordingly  carry  back  the  bar, 
supported  on  bottom  slides,  and  with  its  pins  nearly  upright,  to  the 
other  end  of  the  frame,  where  the  thread  of  each  screw  is  terminated 
by  a  projecting  cam,  by  which  the  bar  is  lifted  up  into  the  top  screws. 
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agaiD,  close  to  tlio  retaining  roller,  causing  the  pins  of  the  gills  to 
l^enetrate  tlie  sliver  wliicli  the  retaining  roller  is  delivering.  Thus 
a  continuous  forward  travel  of  bars  is  maintained  for  10  in.  or  11  in. 
length  in  front  of  the  retaining  rollers,  moving  at  what  is  practically 
the  same  speed  as  those  rollers. 

At  the  front  or  delivering  end  of  the  screws,  Fig.  8,  where  the  bar 
drops  do\vn  out  of  the  sliver,  are  the  drawing  roller  and  the  pressing 
roller  above  it ;  the  former  being  made  of  steel,  about  2^  in.  diameter, 
and  the  latter  generally  of  cast-iron  covered  with  leather,  about  8  in. 
diameter.  These  rollers,  which  are  pressed  together  by  means  of 
weighted  levers,  move  at  a  speed  about  G  or  7  times  greater  than  the 
retaining  rollers  or  gills ;  consequently  the  fibres,  when  delivered  by 
the  gills  as  the  travelling  bars  drop  from  the  top  to  the  bottom 
screws,  are  seized  between  the  rollers  and  drawn  away  from  the  pins 
of  the  gills,  which  act  as  a  kind  of  comb,  holding  them  back  and 
ensuring  that  they  do  not  enter  the  bite  of  the  rollers  in  a  crossed  or 
tangled  state. 

The  length  of  each  travelling  bar  is  about  3  ft..  Fig.  5,  and  there 
are  fixed  on  it  four  gills,  each  6  in.  wide  on  the  pins.  Each  set  of  bars 
and  gills,  with  its  retaining  and  drawing  rollers,  conductors,  &c., 
constitutes  what  is  called  a  carriage ;  and  drawing  frames  are  made 
with  one,  two,  three,  four,  or  five  carriages.  Thus  a  drawing  frame 
of  two  carriages,  and  four  gills  per  carriage,  will  have  eight  sets  of 
gills ;  and  as  two  slivers  from  the  finisher  card  are  supplied  to  each  gill, 
the  number  of  cans  at  the  back  of  the  machine  will  be  sixteen. 
Assuming  the  speed  of  the  drawing  roller  to  be  six  times  that  of  the 
retaining  or  feeding  rollers  and  gills,  it  is  evident  that  the  sliver 
delivered  by  the  drawing  roller  will  be  six  times  longer  than  when 
it  enters  the  machine ;  and  as  there  are  two  card  slivers  to  each  gill, 
and  each  card  sliver  may  be  assumed  to  measure  9i  yards  per  lb., 
the  sliver  coming  from  between  the  drawing  and  pressing  rollers  will 
measure  about  28  yards  per  lb.  But,  for  the  purpose  of  completing 
the  process  of  straightening  the  fibres  and  laying  them  parallel,  as 
well  as  of  more  effectually  equalising  the  slivers,  it  is  necessary  to  put 
the  jute  through  a  second  drawing  frame  ;  and  therefore  it  is  more 
convenient  to  unite  the  slivers  from  two  gills  upon  a  doubling  plate 
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arranged  for  tlie  purpose  in  front  of  tlie  drawing  roller,  and  so  to 
deliver  the  sliver  from  all  tlie  eight  gills  comprised  in  the  two 
carriages  through  four  pairs  of  rollers  D,  Fig.  6,  called  delivery 
rollers,  into  four  cans ;  the  sliver  in  each  can  will  consequently 
measure  about  14  yards  per  lb. 

The  second  drawing  frame  is  constructed  in  an  exactly  similar 
manner  to  the  first  drawing  frame,  except  that  the  pins  in  the  gills 
are  rather  finer  and  ranged  closer  together ;  and  instead  of  the 
slivers  from  two  gills  being  united  together  in  front  of  the  drawing 
roller,  the  slivers  from  each  gill  are  carried  straight  from  the  drawing 
to  the  delivery  rollers  and  run  into  the  can,  thus  making  eight  deliveries 
from  the  machine.  As  there  are  two  slivers,  each  of  14  yards  per  lb., 
l^ut  up  to  each  gill,  the  sliver  as  delivered  into  the  can  from  this 
second  drawing  frame,  if  the  draft  on  the  machine  is  six,  will  measure 
42  yards  per  lb. 

KoviNG  Frame. 

The  next  machine  in  the  system  of  preparing  machinery  is  the 
Eoving  Frame,  Figs.  9  and  10,  Plate  52. 

The  object  of  this  machine  is  to  draw  out  still  further  the  fibres 
in  the  jute  sliver,  and  wind  them  on  bobbins  in  a  form  convenient 
for  the  final  process  of  spinning  into  yarn.  The  manner  of  drawing 
out  the  slivers  is  exactly  the  same  as  that  employed  in  the  drawing 
frames ;  but  as  only  one  sliver  is  put  up  to  each  gill  in  the  roving 
frame,  and  that  sliver  measures  about  42  yards  per  lb.,  narrower 
and  smaller  gills  serve  the  purpose,  and  eight  gills  can  be  fixed  on  each 
travelling  bar  instead  of  four  ;  and  in  consequence  of  the  slivers  being 
so  much  lighter,  the  pins  of  the  gills  are  finer  and  set  closer  together. 
The  draft  of  the  roving  frame  is  usually  about  seven,  so  that  the 
sliver  delivered  by  the  drawing  roller  of  the  roving  frames  will 
measure  about  294  yards  per  lb. 

This  is  too  thin  a  sliver  to  deliver  into  a  can;  and  for  that 
reason,  and  also  for  general  convenience,  the  sliver  is  twisted 
slightly  and  woimd  on  to  a  bobbin;  in  this  form  it  is  called 
"rove."  In  order  to  twist  the  sliver  into  rove  and  wind  it  on 
the  bobbin,  there  are  employed  a  spindle  and  flyer,  constructed  on 
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the   same   principle   as  in    similar  machines   for   cotton  and  other 
fibres ;    but   for  jute    the    i)arts    are    lai  ger     and    stronger.      The 
number     of     spindles    in    a    jute    roving    frame    may    vary    from 
twenty-four    to    sixt3'-four ;    a   very    usual    number    to   put    in    is 
fifty-six,  and  as  there  must  be   a  gill  for  each   spindle  and  flyer, 
seven  carriages  with  eight  gills  on  each  bar  are  necessary  to  supply 
fifty-six  spindles.     The  spindles  with  their  flyers  stand  vertically  in 
two  rows  in  front  of  the  drawing  rollers,  Fig.  9,  and  revolve  at  a 
speed  of  about  GOO   revolutions  per  minute.      Inside  the  flyer,  and 
turning  freely  on   the    spindle,  is  placed  the   bobbin  which  is  to 
receive  the  rove.     This  bobbin  is  driven  by  gearing  independently 
of  the   spindle   and    flyer,   but    revolves   in    the    same    direction. 
The   amount   of  twist   given    to    the    rove    should    be    only    just 
sufficient  to  give  it  strength  to  unwind   from  the  bobbin,  in  the 
subsequent  process,  without  allowing  the  fibres  to  separate.     Now, 
suppose  the  suitable   twist  for  rove  to   be   one   turn   per   inch   of 
sliver  delivered ;    then  the   speed  of  the   drawing   roller   must  be 
arranged    so   as    to    deliver   one   inch   for   each   revolution   of  the 
flyer ;  and  the  speed  of  the  bobbin  must  be  calculated  to  be  just 
sufficiently  behind  that  of  the  flyer  to  take  up  the  quantity  delivered 
by  the  drawing  rollers.     For  instance,  the  spindle  and  flyer  make 
600  revolutions  per  minute,  the  roller  delivers  600  inches  per  minute, 
and  the  circumference  of  the  bobbin  shank  is  5  in. ;  then  the  speed 
of  the  bobbin  will  have  to  be  480  revolutions  per  minute,  or  120  less 
than  the  flyer,  because  by  lagging  behind  to  that  extent  the  bobbin 
will  wind  up  120  laps,  each  5  in.  long,  or  600  inches,  per  minute. 
But,  as  the  bobbin  fills,  the  diameter  on  which  it  winds  continually 
increases,   and  the   speed  must  be   diminished  accordingly.     Thus, 
when  the  bobbin  is  nearly  full,   its  circumference  will  be  15  in., 
or  three  times  what  it  was  at   starting ;  consequently  the  bobbin 
wrill  have  to  run  only  40  revolutions  per  minute  behind  the  flyer,  in 
order  to  wind  the  rove  with  one  twist  per  inch.     In  order  to  wind  the 
rove  regularly  from  top  to  bottom  of  the  bobbins,  the  rail  on  which 
these  are  carried  is  made  to  rise  and  fall  in  a  vertical  line  (its  lowest 
position  being  shown  dotted  in  Fig.  9)  so  that  the  bobbin  moves  up 
and  down  inside  the  legs  of  the  flyer ;  and  the  diminution  in  speed 
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of  the  bobbin  is  caused  by  a  projection  attached  to  the  lifting  rail 
being  arranged  to  release  a  catch  each  time  that  the  rail  arrives  at 
top  and  bottom  of  its  traverse.  The  regulating  motion  is  obtained 
from  a  bowl  or  pulley  B  with  a  leather  face,  which  is  made  to  revolve 
by  contact  between  two  flat  circular  iron  discs  rotating  in  contrary 
directions,  Figs.  9  and  10.  Each  time  that  a  catch  is  released  either 
at  top  or  bottom  of  the  traverse,  the  bowl,  with  the  shaft  on  which 
it  is  fixed,  is  allowed  to  slide  inwards  a  little  nearer  to  the  centre  of 
the  two  discs,  Fig.  10,  whereby  its  speed  is  diminished ;  and  in  this 
way  the  speed  of  the  bobbin  is  also  reduced  for  each  successive  lap 
that  is  laidl  on. 

As  already  explained,  the  jute  fibres  in  this  slightly  twisted  form 
are  termed  "rove."  But  for  the  heavier  classes  of  yarn  (say  when 
1  lb.  measures  less  than  400  yards),  it  is  very  usual  to  make  the 
"  yarn  "  on  the  roving  frame.  To  do  this  it  is  only  necessary  to 
increase  the  twist  sufficiently  to  give  proper  strength  to  the  yarn. 


Spinning  Frame. 

The  object  of  this  machine.  Fig.  11,  Plate  52,  which  completes 
the  first  stage  in  jute  manufacture,  is  to  reduce  the  rove  which  comes 
from  the  previous  machine  to  the  required  size,  and  then  to  twist  the 
fibres  together  so  as  to  form  what  is  known  as  "  yarn." 

The  number  of  spindles  in  a  spinning  frame  varies  according  to 
circumstances  ;  but,  for  an  average  class  of  jute  yarns,  a  very  usual 
number  is  sixty-four  on  a  side,  arranged  in  a  single  row,  at  a  pitch,  or 
distance  from  one  another,  of  3J  in.  The  main  parts  of  the  machine 
are  the  rack  or  creel  for  the  bobbins  containing  the  rove,  the 
retaining  rollers,  the  binding  plate,  conductor,  drawing  rollers,  thread 
plate,  spindles  and  flyers,  and  bobbins  to  receive  the  yarn.  The 
bobbins  containing  the  rove  are  placed  on  pins  fixed  on  the  rack,  and 
the  rove  is  introduced  through  a  conducting  plate  between  two  fluted 
rollers  pressed  together,  which  form  the  retaining  rollers,  then  over 
the  binding  plate  and  through  a  narrow  conductor  into  the  bite  of 
the  drawing  roller  and  pressing  roller :  of  these  the  former  is  of  iron, 
while  the  latter  is  of  wood  and   is  pressed  against  the  former  by 

2  n 


390  JUTE  MACIIINKUY.  August  1880. 

incaus  of  steel  springs.  Tlic  drawing  and  pressing  rollers  run  at  a 
surface  speed  considerably  in  excess  of  tlie  retaining  rollers,  the 
diftcrcnco  being  regulated  by  change  wheels  to  suit  the  size  of 
yarn  required.  We  will  assume  the  drawing  roller  to  be  moving 
seven  times  faster  than  the  retaining  roller,  so  as  to  give  a  draft 
of  seven.  The  slight  twist  which  the  rove  has  received  in  the 
roving  frame  gives  it  sufficient  consistency  to  hold  together  and 
pull  the  bobbin  round  on  its  pin,  so  as  to  supply  the  retaining 
rollers ;  but  when  gripped  at  one  end  between  the  retaining  roller 
and  its  pressing  roller,  and  at  the  other  end  between  the  drawing  and 
pressing  rollers,  the  latter  pair  moving  at  the  quicker  speed,  the 
slight  twist  which  the  fibres  have  received  does  not  prevent  them 
from  parting.  Not  being  supported  by  gills,  as  in  the  drawing  and 
roving  frames,  the  rove  is  made  to  press  against  the  binding  plate,  in 
order  to  retain  the  twist,  and  so  prevent  the  fibres  from  separating 
too  easily  and  from  passing  through  the  drawing  and  pressing  rollers 
in  an  irregular  manner. 

By  the  draft  of  seven,  the  rove  is  elongated  from  294  yards  per  lb., 
as  it  enters  the  retaining  rollers,  to  2058  yards  per  lb.  when  it  passes 
from  the  drawing  roller.  The  fibres  are  twisted  by  the  spindle  and 
flyer  in  the  same  manner  as  in  the  roving  frame ;  but  the  amount  of 
twist  given  to  the  yarn  is  very  much  greater  than  that  given  to  the 
rove,  and  the  bobbin  is  not,  as  in  the  roving  frame,  driven  by  wheels, 
but  is  dragged  round  after  the  flyer  by  the  thread,  and  is  retarded 
by  friction  sufficiently  to  wind  on  the  yarn,  the  friction  being 
regulated  by  the  attendant  to  suit  the  strength  of  the  yarn. 

In  illustrating  the  action  of  these  difierent  machines,  a  certain 
weight  of  jute  has  been  assumed  to  be  laid  on  the  feed  sheet  of  the 
breaker  card,  with  certain  drafts  and  doublings  in  the  separate 
subsequent  machines  ;  the  result  of  which  would  be  to  produce  yarn 
known  as  "  7  lbs.,"  because  each  "  spyndle,*'  or  length  of  14,400 
yards,  would  weigh  7  lbs. :  but  by  varying  the  weight,  drafts,  or 
doublings,  other  sizes  of  yarn  are  produced.  The  finest  yarns  in 
jute,  made  from  the  best  qualities,  are  about  IJ  lb.  to  2  lbs.  per 
spyndle,  or  say  about  J-  lb.  per  mile  ;  whilst  from  the  coarsest  class 
yarn  is  made  of  which  a  mile  will  weigh  more  than  30  lbs. 
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The  yarns,  having  been  prepared  in  the  necessary  forms  for  the 
looms,  are  woven  into  fabrics  of  great  variety,  suitable  for  the 
requirements  of  every  market  in  the  world,  and  these  fabrics  undergo 
various  processes  of  calendering,  mangling,  and  finishing. 

Jute  is  the  cheapest  fibre  known,  and  hence  the  very  general 
demand  for  jute  fabrics  in  every  country.  Jute  manufactures  are 
now  almost  entirely  used  for  the  conveyance  of  grain,  flour,  rice, 
linseed,  coffee,  pepper,  saltpetre,  &c. ;  as  also  for  guano  and  all 
chemical  manures ;  while  in  the  export  of  the  raw  materials,  cotton 
and  wool,  nothing  else  is  now  employed  for  packing.  All  makers  of 
textile  goods  now  use  jute  hessians  and  baggings  for  the  packing 
of  their  manufactures. 

The  finer  qualities  of  jute  yarns  are  woven  into  fabrics  suitable 
for  the  production  of  curtain-cloths,  tapestries,  &c.,  for  furniture 
purposes  (such  as  the  "  Kalameit,"  now  produced  in  the  Barrow  Flax 
and  Jute  Works),  and  for  carpets,  rugs,  &c.  They  are  also  used 
largely,  in  combination  with  cotton,  silk,  and  woollen  yarns,  in 
the  weaving  of  numerous  ornamental  goods.  In  fact  the  list 
of  the  varied  purposes,  to  which  jute,  jute  yarns,  and  jute  fabrics 
are  now  extensively  applied,  is  curious  and  remarkable,  embracing, 
as  it  does,  telegraph  cables,  wire  ropes,  oilcloth  and  linoleum 
manufactures,  ropes,  twines,  cords,  &c.,  even  down  to  artificial 
hair. 

The  cuttings  (or  the  few  inches  of  hard  fibre  cut  from  the  bottom 
of  the  plant  in  India)  are  now  largely  used  by  the  paper-makers  in 
this  country,  as  well  as  in  India,  America,  and  on  the  Continent- 
and  the  wastes  made  in  the  general  manufacture  of  jute,  which  cannot 
be  spun  over  again,  come  into  value  in  connection  with  paj)er-making, 
felt-making,  and  other  purposes. 

This  enormous  and  general  demand  has  brought  about  a  more 
than  equivalent  producing  power  in  this  country,  in  India  and 
elsewhere ;  and  during  the  past  few  years  the  jute  trade  has^'beon 
suffering  from  the  effects  of  this  over-production;  but  as  the 
requirements  of  the  world  are  increasing  so  rapidly,  the  improved 
demand  must  soon  rectify  this  unfortunate  state  of  thin^^s. 


2  H  2 
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Discussion. 

Mr.  Fleming  exhibited  an  extensive  collection  of  samples 
illustrating  completely  the  successive  stages  of  the  manufacture,  from 
the  original  stems  of  the  jute  j^lant,  to  the  finished  fabrics  woven 
from  the  yarn.  lie  also  mentioned  some  statistics  as  to  the 
extent  of  the  jute  trade,  which  he  had  omitted  from  the  paper. 
According  to  the  last  government  returns,  at  the  end  of  1879  there 
were  117  jute  factories  in  Great  Britain  and  Ireland,  with  nearly 
250,000  spindles,  with  from  11,000  to  12,000  looms,  and  emj^loying 
40,000  hands  in  the  jute  trade  alone.  In  India  it  appeared  that 
there  were  also  4,000  looms  erected. 

Mr.  Thomas  Eoutledge  said  that  as  a  paper-maker  he  occasionally 
used  jute.  The  jute  ends,  or  the  refuse  of  the  fibre,  were  used  ;  and 
also  jute  waste  when  it  could  be  got  sufficiently  cheap.  There  was  a 
large  sale  for  what  was  technically  called  in  the  trade  "  jute  cuttings  " 
or  jute  ends,  which  were  chiefly  used  for  making  unbleached 
paper.  They  were  not  much  used  for  white  paper,  because  the 
process  of  bleaching  jute  was  expensive;  and  when  bleached  it 
lost  its  strength.  A  very  large  quantity  of  brown  paper  was  made 
from  jute  ends  and  old  gunny  cloth. 

Mr.  C.  Cochrane  asked  whether  the  process  of  sack-making  was 
carried  on  in  the  jute  factory,  and  whether  there  was  any  special 
method  of  sewing  the  sacks  up.  He  believed  there  were  sewing 
machines  for  the  purpose,  one  of  which  he  had  seen  at  Dundee. 

The  President  desired  to  ask  what  was  the  length  of  the  original 
fibre  of  the  jute,  and  what  the  length  when  it  arrived  at  the  screw-gill 
drawing-frame  ;  also  whether  the  "  retting  "  of  the  fibre  in  India  was 
done  in  cold  water  (which  of  course  in  that  climate  would  not  really 
be  cold),  or  in  actually  hot  water  ?  He  had  also  another  question  to 
ask,  with  reference  to  the  mode  of  laying  the  material  on  the  endless 
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baud  of  the  feeder  for  the  breaker  card,  as  in  Fig.  3,  Plate  50.  Were  the 
different  stricks  of  jute  so  placed  as  to  break  joint  as  far  as  possible, 
or  was  simply  a  certain  quantity  put  up  from  time  to  time?  The 
stricks  did  not  appear  to  be  arranged  as  in  the  case  of  flax,  but 
seemed  to  be  all  mixed  together.  He  should  be  glad  to  know  the 
exact  modus  operandi  of  that  part  of  the  process.  Also  with  regard 
to  the  screw-gill  drawing- frame,  he  should  be  glad  to  understand 
whether  the  length  of  the  frame  represented  the  ordinary  length 
of  the  jute  fibres ;  or  whether  the  fibres  were  not  in  reality  very 
considerably  longer,  requiring  to  be  cut  down  to  the  length  of  the 
drawing  frame,  as  a  more  convenient  length  for  dealing  with,  in  the 
drawing  process,  than  the  full  length  of  the  original  longer  fibres ; 
or  whether  the  breaker  card  really  did  the  work  of  shortening  the 
staple.  In  the  roving  frame  he  observed  that  the  roving  was  not  twisted 
very  much,  but  only  just  enough  to  hold  together,  so  as  to  allow 
it  to  be  further  drawn  afterwards  in  the  spinning  frame  ;  if  it  were 
twisted  much,  it  could  not  be  drawn  in  spinning  without  breaking 
the  fibre. 

Mr.  Arthur  Paget  asked  what  was  the  original  length  of  the 
fibre  in  its  natural  condition,  and  what  the  final  length  as  turned 
into  yarn.  It  appeared,  so  far  as  he  could  judge,  as  if  the  length  of 
the  fibre  were  very  great  in  comparison  with  anything  else  they  were 
acquainted  with  ;  and  as  if  the  machinery  were  arranged — not,  as  in 
the  case  of  ordinary  machinery  of  that  class,  to  avoid  breaking  the 
fibre — but  almost  to  break  it  into  lengths  on  purpose. 

The  President  said  that  was  the  point  upon  which  he  desired 
further  information ;  but  he  had  not  exj)ressed  it  so  clearly.  Perhaps 
Mr.  Fleming  would  give  the  actual  length  of  the  long  and  short 
fibres,  and  state  whether  any  of  the  jute  was  worked  by  chopping  the 
fibre  to  commence  with. 

Mr.  Fleming  said  Mr.  Routledge  had  remarked,  with  reference  to 
the  use  of  jute  cuttings  for  paper,  that  in  bleaching  the  jute  it 
lost  its  strength.      Probably   in    that   operation    the   paper   might 
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lose  its   strength  ;  hnt  they  now  had  at  Barrow  a  process  of  their 
own,  by  which  they  could  bleach  jute  without  any  such  loss. 

Their  sacks  had  been  sewn  by  machinery  for  many  years.  They 
were  now  experimenting  with  three  machines,  one  of  which  was  quite 
new,  and  he  hoped  to  have  it  ready  to  show  to  the  members  visiting 
the  works. 

The  "  retting  "  of  the  jute  plant  was  done  in  cold  water.  Of 
course  the  temperature  of  the  water  was  variable,  and  it  required 
great  care  on  the  part  of  the  operator,  who  had  to  be  constantly  on 
the  watch,  feeling  with  his  nail  the  state  in  which  the  bark  was. 
If  it  were  allowed  to  remain  soaking  too  long,  it  became  decomposed 
and  discoloured.  In  some  states  of  the  weather  eight  or  ten 
days  might  be  required,  while  seven  days  would  suffice  on  other 
occasions.  The  sample  exhibited  of  the  actual  jute  plant,  which 
he  had  received  from  an  engineering  friend,  had  been  sent  from  India 
with  a  view  of  ascertaining  whether  any  machine  could  be  invented 
which  would  do  away  with  the  necessity  for  "  retting."  The  original 
fibre  was  almost  of  a  white  colour,  very  valuable  to  spinners ;  but 
in  retting  it  lost  that  character. 

With  regard  to  jute  cuttings,  they  consisted  of  about  8  in.  or 
9  in.  cut  from  the  lowest  part  of  the  plant.  It  often  got  barky 
at  that  part,  and  mucous  matter  gathered  around  it ;  and  sometimes 
8  in.  or  10  in.  were  left  in  the  water  in  rainy  seasons ;  this  was 
cut  off  for  the  paper-makers,  who  could  use  it  in  their  manufacture. 
The  cuttings  came  from  India  as  such,  separate  from  the  rest  of  the 
plant,  and  were  not  sent  to  the  paper  manufacturers  by  the  jute 
manufacturers  in  England. 

With  regard  to  the  process  of  carding,  the  attendant  laid  the  stricks 
of  jute  upon  the  feeding  sheet  with  their  root  foremost,  and  breaking 
joint  with  one  another.  Any  part  of  the  root  end  that  j^assed  into 
the  breaker  card  was  cut  by  the  first  worker  and  stripper,  and  was 
taken  up  again  by  the  carding  cylinder.  What  passed  on  further 
was  taken  up  by  the  second  worker  and  stripper,  and  so  it  was  all 
combed  out  into  an  even  body.  In  the  finisher  card  again,  the  same 
process  was  carried  all  through.  The  length  of  the  original  fibre 
varied  from  6  ft.  to  7  ft.     In  all  the  operations  after  the  breaker 
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card — that  is,  almost  all  ^tlirougli  the  process  up  to  spinning — the 
fibre  was  about  16  in.  long  ;  in  spinning  it  was  about  6  in.  long. 

The  jute  took  a  very  beautiful  dye  ;  but  hitherto  the  colours  dyed 
had  been  very  fugitive.  By  means  of  the  process  he  had  already 
referred  to,  of  bleaching  without  destroying  the  fibre,  they  could  at 
the  same  time  get  permanent  colours,  such  as  a  few  years  ago  it  had 
been  impossible  to  obtain  with  jute  fibre. 

The  President  said  he  need  hardly  ask  the  members  to  pass 
a  very  hearty  vote  of  thanks  to  Mr.  Fleming  for  his  interesting 
paper  and  observations.  It  was  not  always  that  they  could  get  a 
manufacture  of  that  kind  so  thoroughly  described  and  illustrated 
with  diagrams. 

The  vote  of  thanks  was  passed  by  acclamation. 


The  following  paper  was  then  read : — 
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ON  THE  STEEL-COMPRESSING  AREANGEMENTS 
AT  THE  BARROW  WORKS. 


By  Me.  ALFRED  DAVIS,  of  London. 


The  unsoundness  of  Steel  Castings,  particularly  in  the  casfe  of 
ingots  made  by  the  Bessemer  or  Siemens-Martin  process,  has  given 
manufacturers  considerable  trouble,  and  occasions  much  waste  of 
material. 

A  good  deal  has  been  stated  and  written  of  late  as  to  the  cause 
of  this  unsoundness,  which  occurs  principally  at  the  upper  end  of 
the  ingot ;  but  it  appears  now  to  be  pretty  generally  conceded  that 
the  defects  proceed  from  two  distinct  causes  : — 1st,  the  existence 
of  gases,  generated  at  the  point  of  transition  from  the  fluid  to  the 
solid  state,  which  are  imprisoned  in  the  form  of  bubbles  when 
the  surrounding  metal  becomes  solid;  and  2ndly,  the  existence  of 
spaces  formed  by  the  natural  contraction  of  the  metal  in  cooling, 
by  reason  of  the  outer  skin  first  becoming  solid,  and  refusing  to 
follow  up  the  interior  portion  of  the  ingot,  which  subsequently 
cools,  and  consequently  occupies  a  smaller  space. 

Various  systems,  designed  to  cure  this  evil,  have  already  been 
discussed  before  this  Institution.  The  system  which  is  here 
described,  namely  that  of  compressing  fluid  steel  by  the  direct 
application  of  High-pressure  Steam,  has  recently  been  adopted  at 
the  Barrow  Haematite  Steel  Works,  and  by  Messrs.  Bolckow 
Vaughan  &  Co.,  and  has  the  merit  of  simplicity  combined  with 
efficiency.  The  arrangements  adopted  for  the  purpose  are  founded 
upon  those  used  by  Mr.  H.  R.  Jones  of  the  Edgar  Thompson 
Steel  Works,  Pittsburg,  U.S.,  where  the  system  has  been  worked  for 
some  years. 
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The  exact  plan  in  operation  at  the  Edgar  Thompson  Steel  Works 
is  shown  in  Plate  53,  Figs.  1  to  4.  A  high-pressure  steam  boiler  is 
provided,  and  communicates  with  a  receiver  or  steam-drum  K,  which 
is  attached  to  the  side  of  the  ingot  crane  and  is  furnished  with  a 
row  of  cocks  corresponding  with  the  number  of  ingot  moulds. 
From  these  cocks  strong  india-rubber  pipes  convey  the  steam  to 
the  ingot  moulds,  which  are  ranged  in  the  arc  of  a  circle  round 
the  ladle  crane,  as  shown  in  Fig.  1.  The  metal  from  the  ladlo 
is  poured  through  a  loose  pouring  cup,  which  rests  on  a  conical 
seat  at  the  top  of  the  ingot  mould,  as  shown  enlarged  in  Fig.  3.  As 
soon  as  the  pouring  is  finished,  this  cup  is  removed ;  and  a  lid,  having 
the  steam-pipe  ready  coupled  to  it,  is  placed  on  the  top  of  the 
mould,  and  secured  to  it  by  a  steel  cotter,  as  shown  enlarged  in  Fig.  4. 
The  cock  on  the  receiver  is  then  opened,  and  the  steam  allowed  to  act 
upon  the  metal  until  it  has  completely  set.  The  result  of  this  pressure 
is  to  make  the  ingot  sensibly  shorter  than  when  cast  in  the  ordinary 
manner,  the  difference,  according  to  experiments  made  at  the  Edgar 
Thompson  Works,  being  from  1^  in.  to  2  in.  in  a  5  ft.  or  6  ft. 
ingot.  The  ingots  when  cold  are  perfectly  level  at  the  top,  and 
there  is  no  porous  head  requiring  to  be  cut  off. 

The  arrangements  at  first  proposed  by  the  Barrow  Steel  Co.  differ 
somewhat  from  those  in  operation  at  the  Edgar  Thompson  Works, 
and  require  only  a  very  brief  explanation.  The  ingot  moulds, 
which  are  of  similar  construction  to  those  used  by  the  Edgar 
Thompson  Co.,  are  not  ranged  in  a  circle,  but  placed  in  a  row  within 
a  dock  or  siding,  the  centre  line  of  which  runs  to  the  centre  of  the 
pit.  The  metal  flows  from  the  ladle  into  a  trough  mounted  upon 
wheels,  and  provided  with  runners  at  points  corresponding  with  the 
centres  of  the  ingot  moulds  when  the  trough  is  in  position.  This 
trough  runs  upon  rails,  placed  on  either  side  of  the  row  of  ingot 
moulds,  and  can  readily  be  removed  after  the  moulds  are  charged. 
Each  mould  is  provided  with  a  steam-tight  cover,  having  a 
wrought-iron  pipe  attached  to  it,  furnished  with  a  stop-cock.  This 
pipe  communicates  at  right  angles  with  the  main  steam-pipe,  which 
runs  parallel  with  the  side  of  the  dock.  The  junction  of  the  branch 
steam-pipes  with  the  main  is  formed  by  means  of  a  cast-iron  sleeve- 
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piece,  witli  stuffing-boxes,  to  enable  the  covers,  witb  their  respective 
cocks  and  pipes,  to  be  thrown  back  out  of  the  way  when  not  in  use. 
This  phm  was  found  inconvenient  in  many  respects,  and  has  been 
<liscontiuued. 

The  arrangement  shown  in  Plate  54  was  designed  by  the  author, 
iind  is  now  in  operation  at  the  Barrow  Works.  The  ingot  moulds 
iire  fixed  in  position  in  the  same  manner  as  at  the  Edgar  Thompson 
Works  (Fig.  1),  but  the  method  of  securing  the  bottom  joint  of  the 
mould  is  somewhat  different.  Fig.  8,  Plate  55,  shows  a  form  of  joint 
suitable  for  both  the  lid  and  base  of  the  mould.  Here  V-shaped  grooves 
are  turned  in  the  faces  of  the  metal,  care  being  taken  that  the 
diameters  of  the  two  grooves  forming  the  joint  are  exactly  equal. 
A  ring  of  soft  copper  wire  is  then  inserted,  and  the  two  parts  are 
well  keyed  up  with  cotters,  as  before  described. 

The  boiler  for  supplying  the  steam  has  been  constructed  by 
Messrs.  Daniel  Adamson  and  Co.  It  is  3  ft.  6  in.  diameter  and  9  ft. 
high,  and  is  intended  to  be  worked  at  a  pressure  of  200  lbs.  per 
sq.  in.  The  main  pipe  M,  Fig.  6,  for  supplying  the  steam,  follows 
the  curve  of  the  pit,  about  12  in.  fi'om  the  side  and  18  in.  below  the 
surface  of  the  ground.  Fig.  5.  The  branch  steam-pipe  B  is  of 
copper,  bent  to  give  elasticity,  and  has  at  one  end  the  lid  of  the 
mould,  and  at  the  other  a  stop -valve.  The  stop-valve  is  attached  to 
a  hollow  sleeve  S,  shown  enlarged  in  Fig.  7,  which  revolves  on  an 
elbow  attached  to  the  main  steam-pipe,  and  is  kept  tight  by  means 
of  stuffing-boxes.  The  elbow  has  a  blind  end,  and  within  the  sleeve 
is  pierced  with  holes,  through  which  the  steam  passes  to  the  branch 
pipe.  When  not  in  use,  the  copper  coil,  lid,  and  coupling  can  be 
thrown  back,  as  shown  dotted  in  Fig.  5,  and,  if  desired,  may  fall  into 
a  pit  made  for  the  purpose,  and  covered  over  with  an  iron  plate 
hinged  at  one  side.  No  doubt  other  plans  for  applying  steam 
pressure  could  be  suggested,  and  various  modifications  will  be 
necessary  to  suit  different  conditions  of  working. 

At  the  Cambria  Steel  Works  in  Pennsylvania  an  attempt  was 
made  some  two  or  three  years  ago  to  inject  water  through  the  cover 
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of  the  ingot  mould,  after  the  metal  had  been  poured.  The  heat  of 
the  molten  steel  of  course  generated  steam,  which  acted  as  a 
compressing  medium;  a  safety-valve  being  provided  and  loaded  to 
the  pressure  required.  The  disadvantages  of  .this  system,  as 
compared  with  that  now  described,  are  sufficiently  obvious ;  the 
complication  of  parts  and  the  danger  from  explosions  being  very  great. 

The  results  obtained  by  the  process  of  casting  ingots  under 
steam  compression  are  highly  satisfactory.  Not  merely  is  the  ingot 
perfectly  sound,  but  the  action  of  the  steam  is  such  as  to  enable 
the  men  to  work  it  earlier  and  in  a  hotter  state  than  with  the 
ordinary  method,  so  that  there  is  an  appreciable  increase  in  the 
output.  The  presence  of  the  steam  also  acts  beneficially  on  the 
sides  of  the  mould,  and  causes  it  to  last  longer. 

The  pressure  necessary  to  produce  a  perfectly  sound  ingot  will 
depend  upon  the  quality  of  steel  to  which  it  is  applied.  At  the 
Edgar  Thompson  Works  it  is  found  that  for  ordinary  rail  metal 
100  lbs.  per  sq.  in.  is  sufficient.  But  for  milder  steel  a  higher 
pressure  is  needed ;  and  since  experience  has  proved  that  steam  is 
readily  dealt  with  at  very  high  pressures,  there  does  not  appear  to 
be  any  reason  why  1000  or  1500  lbs.  per  sq.  in.  should  not  bo 
applied  if  required.  It  is  only  a  question  of  giving  sufficient  strength 
to  those  parts  which  are  exposed  to  the  pressure.  As  a  matter  of 
fact  the  boilers  designed  by  Mr.  Loftus  Perkins  will  carry  a  steam 
pressure  of  2000  lbs.  per  sq.  in.  with  perfect  safety.  The  question  of 
making  tight  joints  between  the  ingot  moulds  and  covers  with  such 
high  pressures  is  one  of  considerable  importance  ;  but  there  are 
several  ways  in  which  this  difficulty  may  be  overcome.*  In  using 
steam  at  a  very  high  pressure  the  size  of  the  supply  pipe  may  be 
considerably  reduced  and  the  mode  of  attachment  greatly  simplified ; 
and  since  the  amount  of  steam  used  is  inconsiderable,  the  size  of  the 
boiler  would  be  correspondingly  small  As  an  alternative,  in  cases 
where  high  pressures  are  needed  for  the  consolidation  of  fluid  metals, 
the  author  proposes  the  use  of  compressed  air.  With  this  system  a 
pressure  up  to  1500  or  2000  lbs.  per  sq.  in.  may  be  obtained  without 

*  See  Plate  55,  and  below,  p.  417. 
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danger  or  difficulty,  as  is  completely  demonstrated  by  tlio' torpedo 
jn-actice  at  Woolwich,  and  by  tlie  ex2)eriments  carried  out  by  Colonel 
Beaumont,  in  connection  with  the  use  of  compressed  air  for  tramway 
locomotion. 

The  advantages  of  an  elastic  compressing  medium  in  the 
consolidation  of  fluid  metals,  as  compared  with  the  hydraulic 
process,  scarcely  need  to  be  dwelt  upon.  In  applying  hydraulic 
pressure  a  rigid  piston  is  necessary  ;  and  the  outer  portions  of  the 
cooling  mass  (which  are  the  first  to  set)  must  be  crushed  down, 
before  the  interior  portions,  which  are  still  liquid,  are  reached 
by  the  pressure.  A  considerable  amount  of  power  is  wasted  in 
consequence.  In  addition  the  fluid  metal  is  forced  against  the  sides 
of  the  mould,  that  is  in  a  contrary  direction  to  that  which  it  naturally 
follows  in  the  operation  of  cooling.  With  steam  or  compressed  air 
the  operation  is  reversed :  as  soon  as  contraction  commences  the 
entire  ingot  is  surrounded  by  a  uniform  pressure,  which  continually 
follows  up  the  natural  contraction  of  the  mass. 

In  conclusion,  the  author  would  suggest  that  the  principle  of 
elastic  pressure,  in  connection  with  the  consolidation  of  fluid  metals, 
although  at  present  applied  to  Bessemer  ingots  only,  is  well  worth 
the  consideration  of  those  interested  in  the  manufacture  of  all  kinds 
of  steel  and  iron  castings,  and  particularly  of  heavy  guns. 


Discussion. 

Mr.  E.  Windsor  Eichaeds  thought  it  might  be  interesting  to  the 
members  of  the  Institution  to  be  informed  of  what  had  been  done 
in  the  matter  of  compressing  fluid  steel  at  the  Works  of 
Messrs.  Bolckow  Vaughan  &  Co.,  Middlesbrough.  To  make  the 
matter  clear,  he  had  photographed  some  ingots,  one  not  compressed, 
and  the  others  compressed.  In  order  to  show  the  structure  of  these 
ingots,  he  had  had  them  cut  completely  through  from  top  to  bottom ; 
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for,  if   an  ingot  were  simply  nickecl  all  the    way   round  and   then 
broken  across,  that  part  might  be  found  solid,  while  the  rest  was 
not.     Thus  Fig.  IG,  Plate  56,  was  an  ingot,  not  compressed,  which 
liad   been   cut   down   the  centre,  and    showed   the   cavities   due   to 
the  occluded  gases.     If  it   had  been  nicked  across  and   broken  at 
the  line  A  B,  it    would   have    appeared    solid,   and  that  test  would 
have   been   deceptive.     No   outside  turning   or   nicking   across  was 
sufficient.     It  appeared  to  him  that  the  ingot  in  cooling  had  itself 
tried    to   get   rid    of  the   gas.      The   gas   had   gone   to  the  centre, 
which  of  course  remained   fluid  longer   than   the   outside;    as  the 
steel  became  solid,  it  had  compressed  the  gases  right  into  the  centre 
of  the  mould.     The  next  ingot,  Fig.  17,  had  been  compressed  with 
steam  of  the  ordinary  boiler  pressure  at  the  works,  80  lbs.  per  sq.  in., 
and  the  effect  could  be  seen :  a  considerable  quantity  of  the  gas  had 
been  driven  off,  but  not  all.     A  locomotive  boiler  had  then  been 
brought  into  the  works,  with  130  lbs.  steam,  at  which  pressure  two 
of  the  ingots  had  been  com23reBsed ;    but  it  would  be  seen  by  the 
photographs  of  these.  Figs.  18  and  19,  that  all  the  gases  had  not 
been  quite  driven  out  even  then.      Mr.  Adamson  was  now  making 
them  a  boiler  to  work  at  250  lbs.  pressure,   which  they  hoped  to 
have  in  operation  in  about  a  week.      He  was  sorry  they  had  not 
been  able  to  get  it  at  work  previously,  because  he  thought  it  would 
have  shown  that  with  that  pressure  they  could  get  a  completely  solid 
ingot. 

The  next  point  was  to  determine  what  the  gases  really  were.  Old 
forge  and  mill  managers,  years  ago,  whenever  they  got  into  any 
trouble  with  their  iron,  always  attributed  it  to  sulphur.  Latterly  with 
steel  the  fault  had  been  similarly  laid  on  carbonic  oxide.  With  a 
view  of  ascertaining  what  the  gases  really  were,  he  had  made  a  large 
tank,  and  dropped  an  ingot  into  it  when  filled  with  water.  The  ingot 
rested  upon  a  drill  2J  inches  in  diameter,  inserted  from  the  lower 
side,  with  a  stuffing-box  to  prevent  the  escape  of  the  water ;  a  pair  of 
mitre  wheels  with  a  strap  were  attached  to  the  drill.  The  weight  of 
the  ingot  was  25  cwts.,  and  this  gave  sufficient  pressure  to  drill  the 
steel.  They  were  enabled  in  that  way  to^  put  in  a  hole  2^  inches  in 
diameter,  and  penetrating  4  inches  into  the  ingot.     The  gases  issuing 
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wore  collected  and  analysed  by  Mr.  Stead  of  Middlesbrough,  upon 
whose  figures  and  analyses  he  confidently  relied ;  the  experiment  had 
also  been  tried  again  a  second  time,  and  the  second  trial  corroborated 
the  results  of  the  first.  It  had  thus  been  ascertained  that  the  gas 
occluded  in  steel  had  the  following  composition : — 

Hydrogen 78*G  per  cent. 

Nitrogen 204         ,, 

Carbonic  Acid 0-2         ,, 

Carbonic  Oxide  0*8         ,, 

100-0 

So  that  it  was  not  carbonic  oxide  gas  at  all,  but  hydrogen  and  nitrogen. 
It  was  quite  clear  from  the  photograph  that  the  gases  existed  in  steel 
in  a  high  state  of  tension  ;  and  this  was  further  proved  by  the  large 
quantity  of  gas  got  out  of  the  comparatively  small  hole  he  had 
described,  from  which  301  cubic  centimetres,  or  18  cubic  inches,  of 
gas  was  collected  at  atmospheric  pressure.  He  therefore  considered 
the  process  of  compressing  steel  by  steam  pressure  would  be  most 
valuable.  If  all  steel  makers  would  take  the  trouble  to  slot  their 
ingots  in  the  way  he  had  describee!,  he  thought  they  would  be 
surprised  at  the  unsoundness  revealed,  and  would  arrive  at  the 
conclusion  that  it  was  absolutely  necessary  to  get  rid  of  the  gases 
in  order  to  obtain  sound  steel.  It  appeared  to  him  that  gases  existed 
in  steel  almost  in  the  same  manner  as  carbonic  acid  gas  existed  in 
soda-water ;  and  it  was  only  necessary  to  have  sufficient  pressure  on 
the  top  of  the  ingot  to  expel  them  altogether.  He  really  thought 
that  was  the  only  theory  which  could  be  accepted ;  at  any  rate  it 
had  the  merit  of  simplicity. 

The  Pbesident  said  he  did  not  understand  the  comparison  with 
soda-water.  When  the  pressure  was  on  the  soda-water,  the  carbonic 
acid  gas  was  dissolved  in  it ;  but  when  the  pressure  was  lowered 
the  gas  escaped.  Did  Mr.  Eichards  speak  of  expelling  the  gas 
mechanically  from  the  steel,  or  of  absorbing  it  chemically  ?  Did  the 
metal  absorb  the  gas  under  the  pressure,  as  the  soda-water  absorbed 
carbonic  acid  gas ;  or  did  the  pressui'e  drive  out  the  bubbles  ? 
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Mr.  E.  W.  EiCHAEDs  considered  that  the  gas  existed  in  steel 
in  a  gaseous  state,  and  was  thoroughly  mixed  with  it ;  it  only 
required  mechanical  pressure  to  get  rid  of  it.  The  ingots  shown 
in  Figs.  18  and  19  proved  that  the  gas  had  been  squeezed  into  the 
centre  while  the  steel  was  fluid,  and  then  forced  out  through  the 
bottom  of  the  ingot  mould,  the  pressure  being  only  on  the  top. 

Dr.  C.  W.  Siemens  said  the  advantages  to  be  derived  by  Compressing 
steel  in  a  fluid  condition  had  been  proved  by  Sir  Joseph  Whitworth, 
who  for  a  number  of  years  had  produced  steel  of  a  very  high  quality, 
made  in  the  open-hearth  furnace,  and  subjected  to  very  high  pressure 
by  hydraulic  pumps  while  in  the  state  of  fluidity.  Other  steel 
makers  had  tried  to  arrive  at  the  same  result  by  similar  means.  This 
was  perhaps  the  first  paper  that  had  been  brought  before  them  giving 
a  distinct  account  of  an  attempt  to  obtain  the  same  advantage  by 
pressure  exerted  upon  fluid  steel,  without  resorting  to  the  very  thorough 
but  expensive  plan  adopted  by  Sir  Joseph  Whitworth.  At  various 
times  he  had  himself  tried  to  bring  pressure,  resulting  from  the 
spontaneous  generation  of  gases  within  the  closed  ingot  mould,  to 
bear  upon  steel;  but  he  had  not  obtained  altogether  satisfactory 
results.  Accordingly,  when  last  year  the  subject  of  steam  compression 
was  brought  before  the  Iron  and  Steel  Institute,  he  immediately 
offered  to  make  an  experiment ;  but  he  had  found  that  for  mild  steel, 
such  as  he  operated  upon,  a  very  high  pressure  was  certainly 
necessary.  Sir  Joseph  Whitworth  had  found  that  2  tons  per  sq.  in. 
was  the  pressure  necessary  to  produce  solid  metal.  They  now  heard 
of  100  lbs.  or  150  lbs.  per  sq.  in.  being  sufficient  to  produce  success ; 
and  from  the  photographs  exhibited  by  Mr.  Kichards  it  was  evident 
that  a  certain  degree  of  success  was  obtained,  although  the  holes  in 
the  metal  were  not  entirely  got  rid  of.  In  the  case  of  very  mild  steel 
they  were  also  troubled  with  holes  near  the  surface,  which  they  called 
honey-combs ;  and  it  was  to  get  rid  of  these  that  the  heavy  pressm-e 
seemed  to  be  necessary.  The  large  cavities  formed  in  the  centre  of 
the  ingot  would  no  doubt  be,  if  not  removed,  very  much  reduced  in 
size  by  such  moderate  pressure  as  had  been  mentioned ;  but  he  was 
quite  certain  that,  in  the  case  of  mild  steel,  to  get  rid  of  the  honey- 
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combs  tbcy  would  have  to  resort  to  a  pressure  of  1  ton,  if  uot  of 
2  tons,  per  sq.  in. 

With  regard  to  the  interesting  question  raised  by  Mr.  Richards, 
as  to  how  the  pressure  acted  upon  the  gases  which  had  been  occluded, 
he  confessed  that  he  was  in  the  same  difficulty  as  the  President.  He 
could  not  conceive  how,  by  applying  pressure  to  a  fluid  mass,  they 
could  induce  one  ingredient  out  of  several  to  go  from  the  centre  to 
the  outside,*  or  from  the  outside  to  the  centre.  The  pressure  was  the 
same  throughout  over  the  whole  surface ;  and  all  he  could  conceive  was 
that  by  that  pressure  the  volume  of  say  one  cubic  inch  of  gas  would 
be  reduced,  if  the  pressure  were  high  enough,  to  say  one-tenth  of  a 
cubic  inch ;  or  it  might  be  that  the  gases  would  be  reabsorbed 
in  consequence  of  the  pressure,  and  thus  return  to  their  former 
combination  with  the  steel.  Mr.  Richards  had  drawn  a  comparison 
between  steel  and  soda-water.  Now  when  the  cork  of  the  soda-water 
bottle  was  lifted,  the  whole  contents  became  a  froth,  and  might  be 
called  spongy  soda-water.  If  the  cork  were  pressed  down  again,  the 
frothing  would  immediately  cease,  the  gases  being  again  absorbed 
in  the  liquid.  Therefore  it  was  quite  conceivable  that  by  the 
application  of  a  sufficient  pressure  to  fluid  steel,  although  the  gases 
were  not  expelled,  they  might  remain  occluded  in  the  steel.  He 
imagined  that  this  would  be  the  real  solution  of  the  problem.  But 
there  could  be  no  doubt  that,  if  the  cavities  could  be  prevented  in 
the  ingots,  a  great  gain  would  be  secured;  and  he  should  be  glad  to 
see  that,  by  the  application  of  so  moderate  a  pressure  as  was  mentioned 
in  the  paper,  this  result  could  be  obtained. 

"While  discussing  the  question  of  steel,  he  should  be  glad,  with  the 
permission  of  the  President,  to  make  a  few  observations  upon  the 
more  general  question  of  mild  steel.  Within  the  last  week  or  two 
a  great  deal  had  been  said  about  this  steel  not  being  reliable,  and  they 
had  heard  of  boilers  giving  way  mysteriously  under  a  very  moderate 
pressure.  It  so  happened  that  he  had  been  made  cognisant  of  some 
of  the  circumstances  regarding  the  failures  which  had  been  prominently 
alluded  to;  and  he  might  say  that,  although  the  first  boiler  had 
failed  under  pressure,  the  second  was  found  to  be  rent  in  precisely 
the  same  manner  without  any  pressure  having  been  applied  :  clearly 
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showing  that  it  was  not  a  case  of  weakness  of  the  metal,  under  so 
very  moderate  a  pressure  as  140  lbs.  per  sq.  in. ;  but  that  from  one 
cause  or  another  the  metal  had  been  broken  and  cracked  previous 
to  testing.  He  could  not  speak  as  to  the  cause  of  the  metal  being 
in  that  condition ;  and  he  would  only  say  at  present  that  mild 
steel,  properly  made  and  properly  put  together,  would  not  burst  under 
any  pressure  whatever.  If  a  boiler  made  of  mild  steel  were  subjected 
to  an  increasing  pressure,  it  would  be  found  impossible  "to  burst  it. 
And  it  was  natural  that  this  should  be  so.  A  material  that  would 
stretch  30  per  cent,  before  rupture,  would  naturally  give  way  first  at 
the  weakest  sections,  namely  those  through  the  rivet-holes;  the 
round  rivet-holes  would  become  oblong,  until  sufficient  water  or 
steam  leaked  out  to  balance  the  amount  of  water  pumped  in  or  steam 
generated.  That  was  not  a  mere  hypothesis  of  his.  He  had  witnessed 
some  experiments  made  by  Mr.  Dean,  the  locomotive  superintendent 
of  the  Great  Western  Eailway,  in  the  presence  of  Mr.  Parker,  the 
chief  surveyor  of  Lloyd's,  and  described  in  a  paper  by  Mr.  Parker 
before  the  Inst,  of  Naval  Architects*  in  1878.  The  leakage  began  at 
560  lbs.,  and  the  highest  pressure  reached  was  800  lbs.  Messrs. 
Easton  and  Anderson  had  also  tried  a  boiler  made  of  mild  steel ;  and, 
in  order  to  increase  the  severity  of  the  test,  between  each  trial  they 
put  the  boiler  into  a  furnace,  made  it  red  hot,  and  then  took  it  out 
again,  caulked  it  where  it  appeared  necessary  to  close  the  seams,  and 
then  again  subjected  it  to  a  pressure  of  several  hundred  pounds  j)er 
sq.  in.  He  believed  that  Mr.  Greig  had  also  made  similar  experiments. 
It  might  therefore  almost  be  taken  as  an  axiom  that  a  steel  boiler 
could  not  be  burst ;  it  might  be  made  leaky,  but  that  was  all. 

With  regard  then  to  the  great  question  as  to  whether  mild  steel 
was  a  reliable  material  or  not,  he  would  answer  most  unhesitatingly 
that  it  was  the  most  reliable  material  they  knew  of ;  they  might 
punch,  shear,  bend  it,  or  do  what  they  liked  with  it,  but  they  would 
not  in  any  way  destroy  its  tenacity.  By  way  of  practical  proof  he 
might  mention  one  other  fact.  The  steamers  Iris  and  3Iercury  had 
been  constructed  of  mild  steel  about  three  years  ago  for  the  Admiralty  : 

*  See  Transactions  of  the  Institution  of  Naval  Arcliitects,  1878,  p.  178. 
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not  only  the  shell-plates  of  the  vessels,  but  the  angles  and  the  whole 
of  the  boilers  were  all  constructed  of  that  material ;  and  amongst  all 
the  plates  and  angles  not  one  had  been  returned  as  defective  in 
quality.  Since  then  the  Admiralty  had  used  steel  for  the  construction 
of  their  boilers  and  ship  plates,  almost  to  the  exclusion  of  iron ;  and 
although  probably  more  than  10,000  tons  had  been  used,  he  believed 
he  was  correct  in  saying  that  no  plate  had  been  returned  as  being 
cracked  or  unsatisfactory,  except  a  very  few  from  mere  mechanical 
blemishes.  There  had  been  no  case  of  mild  steel,  properly  made 
and  worked,  giving  way  in  a  mysterious  and  treacherous  manner. 

The  demon  of  cheapness  however  seemed  to  be  abroad,  and  it  had 
settled  especially  upon  steel.  The  works  A\'ith  which  he  was  more 
particularly  connected  had  introduced  two  qualities  of  mild  steel : 
one  which  was  to  compete  for  price  in  the  open  market ;  and  another, 
called  "  special  metal,"  which  was  vouched  for  as  being  in  every  way 
reliable.  This  metal  was  not  only  made  of  more  exjiensive  material, 
but  it  received  greater  attention,  and  was  worked  to  a  greater  extent : 
crop  ends  were  cut  off  more  resolutely  than  one  could  afford  to  do 
under  all  circumstances;  and  consequently  it  was  rather  more 
expensive  to  produce  than  ordinary  steel.  But  he  was  sorry  to  say 
there  were  many  engineers  who,  for  the  sake  of  £2  or  £3  per  ton, 
preferred  the  unguaranteed  material  for  the  construction  of  their 
boilers ;  others  however  took  only  the  special  or  guaranteed  material. 
It  appeared  strange  to  him  that  there  should  be  such  a  tendency 
to  get  cheap  steel  for  the  construction  of  boilers  &c. ;  because,  when  a 
good  iron  boiler  was  wanted,  Yorkshire  iron  was  used,  costing  from 
£22  to  £40  a  ton  ;  whereas  reliable  steel  plates  could  be  obtained  for 
£14  to  £16  a  ton.  The  special  steel  plates  thus  cost  a  gi'eat  deal 
less  than  what  engineers  were  willing  to  pay  for  the  best  Yorkshire 
plates ;  but  engineers  would  have  the  cheapest  steel,  at  perhaps 
£11  to  £13  a  ton,  and  took  their  chance.  He  thought  it  was  a  very 
dangerous  policy,  and  one  that  naturally  led  to  the  dissatisfaction  of 
which  they  had  heard. 

He  might  mention  another  form  which  steel  now  took,  and  which 
had  received  his  special  attention  :  he  referred  to  the  production  of 
rivet-bars.     For  a  long  time  engineers  had   continued  to  use  iron 
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rivets  for  riveting  steel  plates  together.  He  had  always  considered 
this  was  like  stitching  a  silk  gown  with  a  cotton  thread,  making  the 
stitching  material  a  weaker  thing  than  the  material  to  be  stitched. 
Latterly  a  certain  confidence  had  been  created  in  favour  of  steel  for 
rivet-making ;  and  great  care  was  taken  in  producing  rivet-steel  of 
such  a  quality  as  would  make  it  perfectly  reliable.  But  what  was 
the  fact  ?  Since  rivet-steel  had  been  brought  into  the  market,  it  was 
not  sold  for  so  high  a  price  as  was  given  for  the  best  rivet-iron.  The 
latter  cost  as  much  as  £19  a  ton,  but  for  rivet-steel  engineers  went 
down  at  once  to  the  very  cheapest  quality  they  could  get,  which  he 
might  mention  was  steel  rolled  from  crop-ends,  and  with  all  the, 
defects  of  crop-ends  about  it.  It  was  therefore  unfair  to  criticise 
steel  severely,  unless  all  the  circumstances  regarding  it  were  known, 
and  above  all  things  unless  it  was  known  what  price  had  been  paid 
for  it. 

Mr.  Thomas  Adams  had  had  the  honour  of  making  experiments 
for  the  Board  of  Trade  on  the  strength  of  mild  steel  plates.  The 
officers  of  that  department  had  for  some  years  been  experimenting 
at  Liverpool  and  elsewhere,  without  being  able  to  get  beyond  about 
500  lbs.  per  sq.  in.,  or  to  destroy  a  J-in.  plate.  At  the  Steam 
Navigation  Co.'s  works  in  London  they  reached  the  unprecedented 
pressure  of  1300  lbs.  per  sq.  in.,  but  still  they  could  hot  destroy  a 
i'^j; -in. 'plate.  They  then  entrusted  the  work  to  him  at  Manchester, 
and  he  had  succeeded  in  getting  up  a  pressure  sufficient  to  destroy 
any  plates  they  tried,  with  only  an  inch  ram,  having  a  6-in.  stroke, 
and  worked  by  hand.  The  highest  pressure  reached  was  2050  lbs. 
per  sq.  in.,  without  the  semblance  of  a  leak.  The  test  they  gave  the 
joint  was  that  they  forced  the  pressure  up  to  500  lbs.,  and  then  took 
the  pressure  off,  and  measured  the  distortion  of  the  plate ;  they  then 
ajiplied  the  pressure  again,  increasing  it  to  550  lbs.,  and  measured 
the  distortion  again ;  and  so  on  by  steps  of  50  lbs.  up  to  2050  lbs. 
The  steel  that  stood  the  highest  test  was  that  of  Dr.  Siemens. 

With  regard  to  the  subject  of  compressed  steel,  he  believed  the 
only  benefits  obtained  were  those  derived  from  getting  rid  of  the 
holes  in  the  centre  of  the  ingot.     The  interstitial  spaces  between  the 
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molecules  were  closed  u]^ ;  in  other  words,  one  molecule  was  closed 
in  nearer  to  the  next,  and  thereby  a  greater  nudecular  cohesion  was 
produced,  due  to  the  attraction  of  the  metal  in  cooling.  In  going 
into  the  geometrical  calculation  he  found  that  the  gain  got  by  the 
pressure  of  about  2  tons  per  sq.  in.,  which  Sir  Joseph  Whitworth 
applied,  was  about  18  per  cent,  in  the  tensile  strength  of  the  steel. 
In  ordinary  cooling,  when  the  internal  friction  of  the  molecules  and 
the  power  represented  by  their  mutual  attraction  became  balanced, 
the  molecules  could  go  no  further  towards  one  another,  and  the 
interstitial  S2)aces  could  not  be  further  filled  up  by  the  natural 
cooling  of  the  metal  ;  but  the  application  of  any  external  force 
brought  the  molecules  further  in  towards  one  another,  and  gave 
additional  iSurface  of  contact  between  them  ;  and  the  metal  would  thus 
have  a  greater  tensile  strength  than  it  would  have  when  cooled  in 
the  natural  way. 

Mr.  A.  Paget  asked  whether  the  plates  tested  by  Mr.  Adams  were 
spherical,  tubular,  or  flat ;  also  if  he  would  state,  roughly  at  all 
events,  what  the  sizes  were,  in  what  way  the  joint  was  made,  and 
what  the  test  was. 

Mr.  T.  Adams  said  the  plates  were  flat  surfaces,  one  yard 
square.  There  was  a  frame  3  in.  thick,  with  a  stronger  plate 
bolted  at  the  back  of  it,  which  would  not  break  ;  and  the  plate  to  be 
destroyed  was  fixed  in  front  by  the  same  bolts.  To  make  the  joint, 
he  simply  took  a  .piece  of  twine  and  laid  it  round  and  round,  making 
a  joint  of  two  strands  of  twine  inside  and  two  outside  the  row  of 
bolts.  The  i)late  in  front,  under  a  certain  amount  of  pressure,  would 
extend  itself,  and  the  water  would  then  pass  through  the  inside 
strands  of  the  twine ;  but  the  bolts  acted  as  a  fulcrum,  and  the  more 
the  plate  extended  from  the  inside  strands  of  twine,  the  harder  did 
it  press  on  the  joint  outside ;  and  thus — so  long  as  care  was  taken 
that  the  heads  of  the  bolts  (which  were  far  better  than  rivets)  and 
the  nuts  were  tight — the  higher  the  pressure,  the  tighter  would 
the  joint  become.  The  flat  plates  were  all  stayed  with  steel  stays, 
made  to  be  a  good  fit  both  in  the  back  plate  and  in  the  front  plate. 
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Mr.  G.  J.  Snelus  had  given  some  attention  to  the  question  of 
compressing  steel,  which  was  one  that  deserved  to  be  followed  up  in 
a  more  scientific  way  than  hitherto.  Mr.  Richards'  illustration  was 
that  of  the  gases  in  a  soda-water  bottle ;  but  this  he  thought  was 
hardly  to  the  point.  Speaking  from  the  chemical  as  well  as  the 
mechanical  side,  it  was  clear  there  were  two  ways  of  approaching  the 
question  of  destroying  these  gas  bubbles.  One  was  by  applying 
mechanical  means  for  getting  rid  of  them ;  and  if  the  result  were 
reached  in  this  way,  that  would  be  sufficient  for  all  practical  purposes. 
But  it  was  certainly  important  to  find  out  why  the  desired  end  should 
have  been  reached  in  this  way.  Mr.  Kichards  had  mentioned  that 
there  had  been  rather  a  delusion  as  to  the  nature  of  the  gases 
enclosed  in  steel ;  inasmuch  as  for  a  considerable  time  it  had  been 
supposed  that  the  only  gas  contained  in  steel  was  carbonic  oxide.  It 
was  true  that  for  some  time  that  view^  had  been  held  :  he  thought 
it  originated  with  Mr.  Bessemer,  who  had  told  them  that,  in  a 
very  early  stage  of  his  experiments,  he  had  put  an  ingot  of  steel, 
immediately  after  casting,  into  an  air-tight  vessel,  from  which  he 
had  afterwards  drawn  off  the  ordinary  air ;  he  had  then  gone  on 
pumping,  and  had  got  an  enormous  volume  of  carbonic  oxide. 
No  doubt  that  was  to  a  considerable  extent  a  correct  experiment, 
and  there  was  a  large  quantity  of  carbonic  oxide  given  off  from 
the  ingot  during  the  time  it  was  setting.  But  what  he  wished  to 
point  out  was  this :  that  during  the  process  of  blowing  in  the 
Bessemer  converter  there  were  a  number  of  gases  generated  in 
addition  to  those  which  were  blown  through  the  metal.  Air  was 
blown  through  the  metal,  containing  nitrogen,  oxygen,  and  some 
carbonic  acid ;  but  in  the  process  of  blowing,  carbonic  oxide  and 
carbonic  acid  were  generated.  At  a  very  early  meeting  of  the  Iron 
and  Steel  Institute  he  had  had  the  honour  of  reading  a  paper*  on 
the  composition  of  the  gases  which  were  evolved  during  the  Bessemer 
process;  and  he  had  clearly  shown  that  at  the  beginning  of  the 
l)rocess  carbonic  acid  was  mainly  generated  ;  and  that,  as  it  went  on, 
carbonic   oxide  was   the   main   product;    and   that,  whereas  at  the 

*  See  Journal  of  the  Iron  and  Steel  Institute,  1871,  vol.  ii.,  p.  247. 
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boginniug  there  was  about  10  or  15  per  cent,  of  carbonic  acid  in 
tlio  gases  coming  out  of  the  converter,  the  experiment  finished  with 
a  very  little  carbonic  acid  and  between  20  and  30  per  cent,  of 
carbonic  oxide.  That  experiment  had  been  repeated  by  various  other 
investigators,  and  found  to  be  correct.  They  had  therefore  coming- 
out  of  the  metal,  nitrogen,  oxygen,  carbonic  acid,  and  carbonic 
oxide ;  and  it  was  a  question  which  of  those  gases  was  retained  in 
the  metal  and  formed  the  cavities. 

As  to  this  he  wished  to  point  out  that  there  were  two  features  in 
the  case.  There  was  no  doubt  that  certain  metals  occluded  certain 
gases.  For  instance,  palladium  would  occlude  hydrogen  up  to  seven 
hundred  times  its  own  volume.  It  was  clear  that  gas  in  that  state 
did  not  exist  in  the  cavities  only.  Again,  silver  occluded  oxygen, 
but  did  not  occlude  hydrogen ;  it  gave  out  oxygen  at  the  point  of 
setting.  The  well-known  action  of  a  globule  of  silver  at  the 
moment  of  setting  had  been  carefully  investigated,  and  it  had  been 
proved  to  be  due  to  the  oxygen,  which  had  been  occluded  while  the 
metal  was  in  a  fluid  state,  and  was  given  out  when  the  metal  set. 
It  was  therefore  clear  that  certain  metals  had  affinities  for  certain 
gases,  as  palladium  for  hydrogen,  and  silver  for  oxygen ;  and  he 
thought  it  would  be  found  that  steel  had  an  affinity  for  carbonic 
oxide,  and  occluded  it.  On  the  other  hand,  he  thought  it  would  be 
found  that  the  affinity  of  steel — or  rather  of  pure  iron,  because  it  was 
hardly  correct  to  call  it  steel — was  less  for  hydrogen  than  for 
carbonic  oxide ;  and  the  consequence  was  that,  when  those  gases  were 
all  formed  in  the  mass  of  metal  together,  carbonic  oxide  was  probably 
occluded  and  sealed  up  in  the  iron,  like  hydrogen  in  palladium  or 
oxygen  in  silver ;  whereas  hydrogen  was  not  so  easily  occluded,  and 
therefore  remained  in  the  cavities.  Perhaps  therefore  they  were 
right  in  assuming  that  the  bulk  of  the  gas  which  came  out  of  steel  at 
the  moment  of  setting  was  carbonic  oxide.  Prof.  Miiller  of  Osnaburg 
had  been  the  first  to  prove  that  the  gases  remaining  in  the  cavities 
were  mainly,  as  Mr.  Richards   had   said,  hydrogen  and   nitrogen.* 

*  See  Proceedings  Institution  of  Civil  Engineers,  vol.  Ivi.,  page  360 ;  and 
vol.  Ix.,  page  495. 
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These  he  thought  were  very  important  facts  to  bear  in  mind  in 
considering  the  question  of  getting  rid  of  gases. 

He  thought  further  that  it  would  be  found  there  was  another 
method  of  getting  rid  of  the  gases,  besides  pressure.  It  was  likely 
that,  when  pressure  was  applied,  not  only  was  the  gas  that  was 
contained  in  the  cells  compressed  into  a  smaller  space — for  he  could 
not  believe  that  it  was  squeezed  out — but  also  that  the  metal  under 
that  compression  acquired  a  greater  power  of  occluding  those  gases ; 
and  therefore  part  of  the  gas  might  re-enter  the  metal  in  that  occluded 
condition,  while  another  part  of  it  might  simply  be  compressed.  If 
that  was  the  case,  it  was  quite  probable  that  some  chemical  means 
might  be  foimd  for  causing  the  hydrogen  to  be  occluded  in  the  steel 
instead  of  forming  bubbles.  It  appeared  from  the  experiments  of 
Dr.  Miiller  and  Mr.  Kichards  that  those  bubbles  were  not  formed  of 
carbonic  oxide,  but  of  hydrogen.  He  hoped  therefore  they  might 
ultimately  arrive  at  means  of  getting  some  constituent  into  the  steel 
which  would  cause  the  hydrogen  to  be  occluded  in  the  same  way  as  the 
carbonic  oxide  was  already  occluded ;  and  if  this  were  done,  it  was 
clear  there  would  be  no  gas  bubbles  due  to  that  cause.  There  might 
still  be  cavities  due  to  the  shrinkage  of  the  metal  in  the  interior, 
after  the  outside  had  set ;  and  such  a  case  at  present  was  only  to  be 
cured  by  outside  compression.  It  was  therefore  important  to 
investigate  the  other  side  of  the  question — the  chemical  side — and 
to  see  whether  those  cavities  could  not  also  be  reduced  by  chemical 
or  metallurgical  means. 

Mr.  John  Hayes  suggested  that,  if  it  were  wished  to  derive  the 
greatest  benefit  from  the  application  of  steam  pressure  to  fluids  and 
molten  metals,  it  would,  in  the  present  instance  especially,  be  better 
to  admit  the  steam  at  both  ends  of  the  mould,  rather  than  on  the 
top  only.  The  practical  application  of  that  principle  in  a  somewhat 
modified  form  might  be  seen  in  the  duplex  steam-hammer,  as  often 
utilised  for  important  forgings,  as  in  welding  up  the  rims  of 
wrought-iron  wheels  for  locomotive  engines.  The  application  of 
direct  steam  pressure  at  the  top  would  not  be  likely  to  cause  that 
pressure  to  penetrate  uniformly  throughout  the  ingot ;  and  therefore 
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tlio  specific  gravity  of  the  steel  ojicratcd  upon  would  be  at  a 
maximum  at  the  top,  and  at  a  minimum  at  the  bottom — a  very 
undesirable  result.  If  however  the  higher  pressures  adopted  by 
Sir  Joseph  Whitworth  and  approved  by  Dr.  Siemens  were  right, — 
namely  from  1  to  2  tons  per  sq.  in.,- — he  thought  steam  was  the 
wrong  thing  to  use,  and  that  hydraulic  pressure  was  far  preferable 
in  ^such  a  case,  looked  at  simply  from  a  mechanical  point  of  view. 

Mr.  T.  B.  Sharp,  who  concurred  with  Mr.  Snelus,  said  that  for 
the  last  six  or  seven  years  he  had  been  experimenting  on  the  casting 
of  metals;  and  he  had  succeeded  by  chemical  means  in  casting 
copper  (notoriously  a  most  difficult  metal)  perfectly  sound  from  the 
bottom  to  the  top,  in  an  ingot  4  ft.  high  and  7  in.  across.  That  had 
been  done  by  chemical  means  entirely.  Casting  any  sort  of  metal 
under  any  system  of  pressure  was  in  his  opinion  but  provisional 
and  temporary,  until  the  right  chemical  means  could  be  discovered 
for  doing  the  work  without  pressure.  This  had  recently  been  fully 
realised  in  the  case  of  copper.  Taking  a  ladle  of  molten  copper, 
he  had  poured  some  into  one  mould  by  the  ordinary  process,  and  it 
was  very  porous ;  and  he  had  poured  some  into  another  mould  and 
treated  it  chemically,  and  it  was  perfectly  sound.  There  was  no 
difference  at  all  in  the  analysis  of  the  two;  they  varied  only  in 
their  specific  gravity,  and,  when  rolled  down,  in  their  tensile  strength. 
Had  the  porous  casting  been  compressed  and  rolled,  though  appearing 
sound  it  would  have  been  full  of  "  cold  shuts  "  ;  but  the  chemically 
cast  copper  was  so  uniform  that  a  piece  planed  off  Jin.  below  the 
top  of  the  ingot  would  show  no  difference  as  to  its  specific  gravity 
from  a  piece  planed  off  the  bottom  or  any  other  part.  Copper  tubes 
cast  under  pressure  were  formerly  sold  at  Is.  Sd.  per  lb. ;  whereas 
better  tubes,  made  sound  chemically,  were  now  sold  at  only  9d,  per  lb. 
This  he  considered  the  most  practical  and  convincing  proof  of  the 
superiority  of  a  chemical  over  a  mechanical  method  of  treatment. 

There  were  three  sorts  of  bubbles  in  cast  metal.  There  was  the 
bubble  at  the  outside,  connected  with  the  outer  air,  and  formed  of 
gas  generated  on  the  sides  of  the  mould,  which  did  not  pass  into  the 
metal  at  all;  there  was  the  interior  or  isolated  bubble,  which  had 
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passed  from  the  side  of  the  mould  into  the  metal  and  stopped  there ; 
and  there  was  a  third  species  of  bubble,  which  in  his  opinion  was 
given  out  in  the  act  of  setting.  He  considered  pressure  only  got 
rid  of  the  unisolated  bubbles  on  the  outside,  which  being  connected 
with  the  outside  atmosphere  became  gradually  less  and  less,  and  were 
ultimately  flattened  up  against  the  sides  of  the  mould.  The  bubbles 
on  the  inside  were  simply  reduced  in  diameter  in  proportion  to  the 
pressure ;  they  could  never  disappear  even  under  very  intense  pressure, 
unless,  if  such  a  thing  were  possible,  the  gas  was  forced  into  chemical 
combination;  but  the  microscope  had  revealed  the  contrary  in  all 
the  specimens  of  mechanically  compressed  metal  that  he  had  ever 
examined.  Again,  apart  from  the  want  of  thoroughness  and  the 
costly  nature  of  the  pressure  cure,  a  further  reason  why  he  considered 
the  chemical  method  the  true  one,  and  the  one  which  ought  to  be 
aimed  at  in  steel,  was  that  only  the  very  simplest  forms,  such  as  bars 
or  thick  cylinders,  could  be  treated  by  pressure ;  castings  of  a 
complicated  nature  could  obviously  be  treated  by  chemical  means 
alone.  He  apologised  for  having  strayed  in  his  remarks  from  steel 
to  copper ;  but  as  all  the  same  difficulties  to  be  met  with  in  casting 
the  one  metal  were  present  in  casting  the  other,  he  had  done  so  with 
a  view  to  directing  the  thoughts  and  experiments  of  steel  makers 
towards  what  he  had  long  suspected,  and  had  recently  found,  to  be 
the  right  groove  as  regarded  copper. 

The  President  said  Dr.  Siemens  had  mentioned  a  fact  which  was 
well  known  to  some  of  them,  namely  that  a  mild  steel  boiler  could 
not  be  burst  with  hydraulic  pressure.  He  was  perfectly  convinced 
of  that  himself ;  but  he  thought  some  of  the  members  who  were  not 
so  fully  convinced  respecting  it  would  like  to  have  the  satisfaction 
of  seeing  such  an  experiment  performed,  and  he  had  asked  Mr.  J.  T. 
Smith  some  months  before  to  prepare  a  small  experiment  of  the  kind. 
The  members  would  accordingly  see  in  the  afternoon,  at  the  Barrow 
Steel  Works,  a  small  steel  boiler,*  4  ft.  in  diameter  and  4  ft.  long, 

*  This  boiler  stood  420  lbs.  per  sq.  in.,  and  then  leaked  so  much  as  to 
overpower  the  pump.    See  infra,  p.  483. 
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as  shown  in  Figs.  20  and  21,  Plate  5G,  which  tlicy  would  try  to  burst 
with  hydraulic  pressure,  and  he  believed  they  would  find  that  it  was 
impossible  to  burst  it ;  they  would  simjily  make  it  leak  badly. 

Mr.  Arthur  Paget  asked  if  the  author  would  kindly  inform  the 
members  whether  it  was  within  his  knowledge  that  (as  he  was  himself 
informed),  before  the  system  of  compressing  steel  by  high-pressure 
steam  was  known  either  in  England  or  America,  a  paper  had  been 
read  before  a  sister  Institution  in  France,  embodying  identically  the 
same  principle,  with  the  addition  that  the  writer  of  that  paper 
had  found  the  action  of  the  steam,  in  compressing  the  steel,  was 
assisted  if  there  were  the  means  of  keeping  the  top  of  the  ingot 
fluid  for  a  longer  time.  Perhaps  the  author  would  state  whether 
that  was  the  case ;  because  if  so,  as  a  matter  of  international  courtesy, 
the  name  of  the  writer  who  had  carried  out  the  experiments  and 
written  the  paper  ought  to  be  known. 

He  should  like  also  to  ask  the  author  whether  he  was  aware  that 
(as  he  had  been  informed)  a  system  somewhat  parallel  to  the  one 
described,  but  using  air  as  a  means  of  communicating  the  pressure  to 
the  ingot,  was  now  in  use  at  Bolton. 

There  was  one  part  of  the  author's  paper  which  he  did  not 
quite  understand.  At  page  400,  it  seemed  to  be  implied  that  the 
pressure  by  a  ram  on  the  ingot  would  have  a  different  effect  from 
that  of  pressure  by  an  elastic  medium  like  air  or  steam.  If  the 
object  of  the  pressure  was,  as  Mr.  Richards'  interesting  remarks 
led  them  to  suppose,  to  cause  the  gases  to  sweat  out  of  the  metal, 
then  it  seemed  to  him  there  was  no  difference  between  the  effect 
of  the  elastic  fluid,  steam  or  air,  and  that  of  a  solid  ram.  If  on 
the  other  hand  the  idea  was  that,  instead  of  the  gas  sweating  out 
through  the  pores  of  the  steel,  the  pressure  caused  the  metal  to 
combine  chemically  with  the  gas,  then  it  appeared  as  if  steam 
or  air  might  have  a  better  effect  than  the  solid  ram. 

Mr.  E.  E.  B.  Ceompton  observed  that,  in  the  gases  which 
Mr.  Eichards  appeared  to  have  found  to  consist  mainly  of  hydrogen 
and  nitrogen,  the  proportions  were  very  closely  those  that  would 
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form  ammonia ;  and  the  ammonia  being  soluble  in  water,  it  was 
quite  possible  that  the  steam  process  might  considerably  aid  the 
extrication  of  the  gases  from  the  steel  by  the  combination  of  ammonia 
with  the  water  in  the  steam. 

With  regard  to  the  question  of  the  occlusion  of  gases  in  iron 
and  other  metals,  Mr.  Edison  in  America  had  made  a  series  of 
interesting  experiments  on  wire — whether  his  published  results  had 
been  confirmed  by  the  researches  of  others  or  not,  he  had  not  heard, — 
and  apparently  had  come  to  the  conclusion  that,  if  the  whole  of 
the  occluded  gases  were  expelled,  the  metal  entirely  lost  its  ductility, 
and  became  extremely  hard.  That  was  equally  the  case  with  iron 
wire  and  with  platinum.* 

Mr.  E.  H.  TwEDDELL  asked  the  author  to  state  what  was  the 
specific  gravity  of  the  ingots  after  being  subjected  to  the  pressure,  as 
compared  with  those  not  subjected  to  it. 

Mr.  Windsor  Richards  asked  leave  to  mention  that  the  gases 
he  had  referred  to  were  taken  from  steel  not  compressed  at  all. 

Mr.  Davis  in  reply  said  that  Mr.  Richards'  photographs  showed 
that  a  moderate  pressure  had  a  decided  effect  upon  the  ingot,  but  that 
the  pressure  tried  had  been  insufficient ;  and,  as  Mr.  Richards  had 
stated,  Messrs.  Bolckow  Vaughan  and  Co.  were  now  fixing  a  boiler 
to  be  worked  at  a  pressure  of  250  lbs.  per  sq.  in.  For  ordinary  rail 
metal  he  did  not  think  more  than  200  lbs.  per  sq.  in.  would  be 
found  necessary.  At  the  Barrow  Steel  Works  on  the  previous  day 
several  ingots  had  been  cast  under  175  lbs.  or  180  lbs.  pressure,  and 
one  of  those  ingots  would  be  exhibited  to  the  members  visiting  the 
works  in  the  afternoon.  One  of  the  most  important  points  was  to 
apply  the  pressure  directly  after  the  pouring  was  stopped.  In  the 
arrangement  he  had  suggested  to  Mr.  J.  T.  Smith,  which  had  now 
been  carried  out  and  was  shown  in  Plate  54,  the  pressure  could  be 


*  See  First  Report  of  the  Committee  on  the  Hardening,  Tempering,  and 
Annealing  of  Steel. 


416  STEEL    COMPRESSION    BY    STEAM.  AlCUST  1880. 

applied  vory  quickly.  In  one  case  it  was  on  in  13  seconds  after  the 
pouring  had  been  discontinued,  and  in  two  or  three  other  cases  in  from 
15  to  20  seconds.  Prevention  was  better  than  cure ;  and  it  was  an 
advantage  to  prevent  the  metal  from  rising  in  the  mould,  which  could 
be  done  by  applying  the  pressure  quickly;  a  much  lower  pressure 
was  then  necessary  than  if  the  metal  were  allowed  to  boil  and  bubble 
first.  If  greater  pressure  was  necessary  for  milder  steels,  as  Dr. 
Siemens  seemed  to  think,  it  appeared  to  him  that  a  greater  pressure 
could  be  easily  obtained.  In  the  boilers  constructed  by  Mr  Perkins, 
to  which  he  had  alluded  in  his  paper,  there  was  no  difficulty  in 
obtaining  as  high  a  pressure  as  could  be  desired ;  and  the  facility 
of  conducting  the  steam  at  high  pressure  was  greater  than  at  a  lower 
pressure,  because  they  could  work  with  a  smaller  pipe  and  smaller 
tubes. 

Mr.  Paget  had  asked  whether  he  was  aware  that  a  similar  process 
had  been  applied  in  France.  He  was  quite  aware  that  it  had  been,* 
and  in  the  draft  of  his  paper  he  had  inserted  a  paragraph  bearing 
upon  that  matter;  but  that  paragraph  had  been  struck  out,  he 
believed  on  the  ground  that  the  Institution  did  not  concern  itself 
with  priority  of  invention.  As  the  matter  had  been  alluded  to,  he 
might  be  allowed  to  read  an  extract  from  a  letter  which  he  had 
received  from  Mr.  H.  R.  Jones  on  th^  subject : — "  In  reply  to  a  letter 
published  in  Engineering  of  21  November  1879  (page  403),  headed 
'  The  Consolidation  of  Fluid  Steel,'  and  signed  '  Justice,'  I  would  state 
that  I  first  experimented  on  compressing  steel  with  steam  in  1875. 
I  have  no  desire  to  take  from  M.  Considere  one  particle  of  credit  for 
his  invention.  It  seems  that  we  both  hit  on  the  same  idea  at  nearly 
the  same  time,  and  being  separated  by  thousands  of  miles  there  can 
be  no  doubt  that  it  is  a  case  in  which  the  integrity  of  either  inventor 
cannot  be  questioned." 

Mr.  Paget  had  also  asked  if  he  was  aware  that  the  process  of 
using  compressed  air  was  in  operation  at  Bolton.  Some  time  ago  he 
had  himself  designed  a  plan  for  the  use  of  compressed  air ;  but  he 
had  not  heard  of  the  process  being  at  work  at  Bolton  at  all. 


*  See  Proceedings  of  the  Societe  de  I'lndustrie  minerale   de    St.  Etienne, 
3Iarcli,  1S77. 
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Figs.  9  to  15,  Plate  55,  which  liad  not  been  referred  to  in  the  paper, 
were  simply  sketches  of  methods  for  constructing  ingot  moulds.  By 
the  mode  shown  in  Fig.  9  he  thought  they  might  dispense  with  one  of 
the  joints ;  there  would  be  a  conical  plug  at  the  bottom,  which  the 
weight  of  the  metal  would  keep  tight,  and  there  would  only  be  a  top 
joint  to  contend  with.  After  the  ingot  had  been  cast,  the  mould  was 
intended  to  be  turned  over,  and  the  ingot  dropped  out  in  the  ordinary 
way.  The  joint  shown  in  Fig.  8  he  believed  was  one  suggested  by 
Dr.  Siemens,  in  connection  with  Col.  Beaumont's  engines  using 
compressed  air  at  a  very  high  pressure.  Figs.  10  and  11  showed 
a  joint  for  the  bottom  of  the  mould,  designed  by  Mr.  Henriques. 
There  were  two,  three,  or  four  wedges,  wedging  the  mould  down 
against  the  lips  of  the  bottom  plate.  Figs.  12-14  showed  an 
alternative  arrangement,  with  T-headed  bolts  instead  of  wedges. 
Fig.  15  showed  a  joint  designed  by  Mr.  Charles  J.  Allport  to  be 
made  of  asbestos,  which  might  be  found  a  useful  material.  A  good 
joint  he  thought  might  also  be  made  at  the  top  with  a  simple  ring 
of  copper  wire  y^j-  in.  thick. 

The  President  moved  a  vote  of  thanks  to  Mr.  Davis  for  his 
interesting  paper,  which  was  carried  by  acclamation. 


The  Meeting  was  then  adjourned  to  the  following  day. 


The  Adjourned  Meeting  was  held  in  the  Town  Hall,  Barrow,  on 
Thursday,  5th  August,  1880,  at  Tea  o'cloqk,  a.m.;  Edward  A. 
CowrER,  Esq.,  President,  in  the  chair 

The  following  paper  was  read  : — 
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ON  A  NEW 
KEVERSING  AND  EXPANSIVE  VALVE-GEAR. 


By  Mr.   DAVID    JOY,   of    London. 


The  Reversing  and  Expansive  Valve-Motion,  which  is  the  subject 
of  the  present  paper,  was  originally  drawn  out  by  the  writer  in  a 
crude  state,  but  possessing  all  its  present  elements,  in  the  year 
1868-9  ;  and  has  since  been,  at  different  times,  the  subject  of  frequent 
investigation  and  experiment  on  his  part.  In  1877  he  made  it  a 
special  study,  fii'st  working  it  out  on  paper,  and  afterwards  testing  all 
the  movements  and  positions  by  means  of  models.  And  thus,  passing 
through  innumerable  forms  under  the  correction  of  various  errors  of 
action,  it  has  ended  in  the  arrangement  which  is  now  submitted  to 
the  Institution. 

In  passing,  the  writer  may  call  attention  to  the  fact,  that  this  is 
only  one  of  the  many  instances  where  inventions  are  the  result 
of  a  long  course  of  work,  followed  in  a  given  and  definite  direction, 
and  with  a  special  end  in  view.  It  thus  helps  to  disprove  the  theory 
of  opponents  of  the  patent  system,  who  rather  characterise  inventions 
as  lucky  chances,  which  men  of  scheming  brains  fall  upon  without 
expecting  it.  A  few  such  cases  do  occur,  just  to  give  colour  to  this 
statement ;  but  even  these  generally  happen  to  men  who  have  been 
working  laboriously  on  some  kindred  subject. 

In  the  writer's  case,  as  an  engineer,  his  attention  has  been 
specially  directed  by  circumstances,  and  perhaps  partly  by  taste, 
to  the  question  of  the  movement  of  the  valves  in  steam  and  other 
engines.  As  a  pupil  at  the  Railway  Foundry,  Leeds,  he  was  thoroughly 
initiated  into  the  mysteries  of  lead,  lap,  port,  and  travel,  by  the 
investigation  and  observation  of  John  Gray's  valve-motion  as  applied 
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to  locomotives,  the  first  instance  in  which  expansion  was  so  applied 
successfully.  Those  who  are  familiar  with  the  ingenious  details 
and  perfect  action  of  Gray's  motion  will  not  be  surprised  at 
the  strong  bias  thus  given  to  the  writer's  mind  in  this  direction; 
and  the  conviction  was  gradually  attained  by  him  that  the  proper 
distribution  of  the  steam  in  a  steam-engine  is  the  very  life  and 
soul  of  the  machine,  and  that  the  mechanism  for  effecting  this  object 
cannot  receive  too  careful  or  too  minute  attention. 

The  great  complication  of  Gray's  motion  and  the  difficulty  of 
keeping  it  in  order  (partly  owing  to  the  very  perfection  and 
refinement  of  the  action),  were  no  doubt  the  causes  of  its  falling  out 
of  use,  and  giving  place  to  others  more  simple  though  less  perfect  in 
their  action.  These  were  again  finally  superseded  by  the  very  general 
adoption  of  the  "  Link  Motion,"  now  employed  almost  universally 
by  English  and  American  engineers,  and  very  widely  also  on  the 
Continent,  though  with  a  greater  disposition  there  to  depart  from 
established  usage.  To  the  link  motion  the  writer  will  refer  in 
the  following  paper  as  the  most  satisfactory,  because  the  most 
generally  known,  standard  of  comparison ;  and  by  this  standard  he 
hopes  to  show  that  a  distinct  advance  has  been  made  in  the  valve- 
motion  now  to  be  described. 

The  link  gear  in  its  turn  became'' the  subject  of  very  careful 
practical  analysis  by  the  writer,  while  he  had  the  charge  of  the 
rolling  stock  of  a  railway  in  [the  Midland  counties;  where  the  high 
price  of  coke  rendered  necessary  a  careful  attention  to  economy  of 
fuel  consumption.  Here  he  personally  superintended  the  setting  of 
numbers  of  valves,  worked  by  link  gears  of  various  descriptions ;  aij.d 
arranged  them  in  many  varied  positions  and  proportions,  all  with 
the  view  of  obtaining  an  even  distribution  of  steam  together  with  an 
equal  lead ;  but  all  these  contributed  to  prove  the  well  known  fact 
that  it  is  impossible  to  gain  both,  and  that  in  setting  for  one  the 
other  is  seriously  sacrificed ;  and  further  that  the  inequality  increases 
as  the  expansion  is  increased.  With  high  grades  of  expansion,  and 
with  the  link  gear  as  usually  constructed,  the  lead  becomes  so 
excessive,  and  the  point  at  which  steam  is  admitted  is  so  considerably 
in   advance   of    the   beginning   of  the    stroke,   that,    although   the 


420  lUOVKUSING    AND    KXPANSIVK    VALVK-GEAlt.  AlJOUST  1880. 

aiTsxiigomcnt  may  answer  fairly  for  liigh-.si)oc(l  engines  like  locomotives, 
it  ilocs  not  give  a  satisfactory  result  for  slow-running  types,  such 
as  marine  engines ;  consequently  in  tlicsc  an  additional  valve  and 
indcjiendent  gear  are  usually  em2)loycd  for  expansion. 

Hence  in  later  practice,  having  to  design  marine  and  other 
engines,  the  writer  followed  up  the  same  course,  and  worked  out 
many  varied  methods  for  distributing  the  steam,  keeping  in  view 
throughout  the  two  leading  desiderata  in  designing  all  machinery — 
increased  simplicity  and  increased  accuracy.  Among  the  earliest  of 
these  methods  was  the  device  of  giving  steam  to  the  first  piston  of  a 
compound  engine  in  the  usual  manner,  and  then  using  this  piston  as 
the  admission  valve  for  the  second  cylinder,  into  which  it  passed  the 
steam  for  expansion.  Afterwards,  working  in  an  entirely  different 
direction,  he  employed  live  steam  to  move  the  valves,  instead  of  any 
mechanical  connection  at  all.  This  plan,  though  answering  very 
well  in  the  case  of  reciprocating  machines,  such  as  steam  hammers, 
steam  pumps,  etc.,  failed  to  give  the  exact  control  necessary  for  the 
valves  of  engines  producing  a  rotary  motion.  Finally,  coming 
hack  to  strictly  mechanical  appliances,  and  using  both  the  experience 
of  the  past  and  an  increased  knowledge  of  the  action  required,  he 
laid  down  and  worked  out  the  valve-gear  which  is  here  described. 

Perhaps  this  is  the  place  to  remark  that,  though  on  the  whole  the 
link  motion  has  held  its  own  so  well  and  for  so  many  years,  yet, 
especially  during  the  last  few  years,  the  endeavour  to  produce  a  valve- 
motion  at  once  simpler  than  the  link,  and  free  from  its  inherent 
errors,  has  engaged,  both  here  and  on  the  Continent,  the  attention  of 
several  engineers  whose  eminence  is  sufficient  proof  of  the  importance 
attached  to  the  subject.  Prominent  among  these  motions  are,  on  the 
Continent,  the  Walschaert  gear,  and  that  designed  by  Mr.  Charles 
Brown  of  Winterthur ;  and  more  recently  in  England,  that  of  Mr. 
F.  C.  Marshall  of  Newcastle,  and  that  of  Mr.  Kitson  of  Leeds.  To 
give  even  the  shortest  possible  description  of  these  would  be  out  of 
place  here  ;  but  on  examination  it  will  easily  be  seen  that  the  prominent 
aim  in  each  is  to  avoid  the  complication  of  the  double  eccentrics 
and  the  link,  as  well  as  the  various  errors  unavoidable  in  that 
system. 
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Referring  now  to  the  author's  valve-motion,  it  may  be  premised 
that  the  original  intention  was  to  arrange  a  suitable  valve-gear  for 
the  usual  type  of  overhead  marine  engine,  abandoning  entirely  the 
use  of  eccentrics,  and  taking  vertical  motion  from  the  air-pump  lever, 
in  combination  with  transverse  motion  taken  from  the  vibration  of  the 
connecting-rod.  It  is  on  this  general  principle  that  the  valve-motion 
is  arranged;  in  other  words,  the  combination  of  two  motions  at 
right  angles  to  each  other,  by  the  various  proportions  in  which  they 
are  combined,  and  by  the  positions  in  which  the  moving  parts  are  set 
with  regard  to  each  other,  gives  both  the  reversal  of  the  motion  and 
the  various  degrees  of  expansion  required. 

The  action  of  the  gear  will  at  once  be  understood  and  followed  by 
reference  to  the  models,  or  to  Figs.  1  to  3,  Plate  57,  representing  an 
ordinary  overhead  marine  engine;  and  to  Figs.  4  to  6,  Plate  58, 
representing  a  horizontal  engine. 

Referring  to  Fig.  4,  Plate  58,  from  a  point  A  in  the  connecting- 
rod — preferably  about  the  middle — motion  is  imparted  to  a  vibrating 
link  B,  constrained  at  its  lower  end  to  move  vertically  by  the  radius- 
rod  C.  From  a  point  D  on  this  vibrating  link,  horizontal  motion  is 
communicated  to  the  lower  end  of  a  lever  E,  from  the  upper  end  of 
which  lever  the  motion  is  transmitted  to  the  valve  spindle  by  the  link 
G.  The  centre  or  fulcrum  F  of  the  lever  E  partakes  also  of  the  vertical 
movement  of  the  connecting-rod,  to  an  extent  equal  to  the  amount  of 
its  vibration  at  the  point  A ;  the  centre  F  is  for  this  purpose  carried 
vertically  in  a  slot  J,  which  is  curved  to  a  radius  equal  to  the 
length  of  the  link  G,  connecting  the  lever  E  to  the  valve  spindle. 
The  slot  itself  is  formed  in  a  disc  or  sheave  K,  which  is  concentric 
with  the  centre  F  of  the  lever  E  at  the  moment  when  that  lever  is 
in  the  position  given  by  the  piston  being  at  either  end  of  the  cylinder. 
This  disc  is  capable  of  being  partially  rotated  on  its  centre,  so  as  to 
incline  the  slot  over  to  either  side  of  the  vertical,  by  means  of  the 
worm  and  hand-wheel  M,  thereby  causing  the  curved  path  traversed 
by  the  centre  F  of  the  lever  E  to  cross  the  vertical  centre  line,  and 
diverge  from  it  on  either  side  at  will.  The  forward  or  backward 
motion  of  the  engine  is  governed  by  giving  the  slot  this  inclined 
position  on  one  or  other  side  of  the  vertical  centre  line ;  and  the 
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amount  of  expansion  depends  on  tLc  amount  of  the  inclination, 
the  exactly  central  or  vertical  position  being  "  mid  gear."  In  that 
position  steam  is  admitted  at  each  end  of  the  stroke  to  the  amount 
only  of  the  lead  ;  and  this  is  done  exactly  equally  on  each  side  of  the 
centre  line,  the  amoimt  of  lead  .being  constant  for  forward  and 
backward  motion,  and  for  all  degrees  of  expansion.  Thus  when 
the  crank  is  set  at  the  end  of  the  stroke  either  way,  the  centre  F 
of  the  valve-lever  coincides  with  the  centre  of  the  slot,  and  therefore 
the  slot  may  be  moved  over  from  forward  to  backward  gear  without 
affecting  the  valve  at  all. 

It  will  be  seen  at  a  glance  that,  if  the  lower  end  D  of  the  lever  E 
were  attached  directly  to  the  point  A  on  the  connecting-rod,  there 
would  be  imparted  to  the  centre  F  of  that  lever  an  unequal  vibration 
above  and  below  the  centre  of  the  disc  K.  The  extent  of  inequality 
would  be  twice  the  versed  sine  of  the  arc  described  by  the  lower  end 
D  of  the  lever  E ;  and  this  would  give  an  unequal  port  and  unequal 
cut-off  for  the  two  ends  of  the  stroke.  But  this  error  is  corrected  by 
attaching  the  lower  end  D  of  the  lever  E  to  the  vibrating  link  B  :  for 
while  the  point  A  on  the  connecting-rod  is  performing  a  nearly  true 
ellipse,  the  point  D  in  the  vibrating  link  B  is  moving  in  a  figure 
like  an  ellipse  bulged  out  at  one  side,  and  this  irregularity  is  so  set 
as  to  be  equal  in  amount  to  the  versed  sine  of  the  arc  described  by 
the  lower  end  of  the  lever  E,  thus  correcting  the  above  error,  and 
giving  an  equal  travel  to  the  centre  F  of  the  lever  above  and  below 
the  centre  of  the  slot.  At  the  same  time  the  error  introduced  by  the 
movement  of  the  end  of  the  valve-link  G  is  corrected  by  curving  the 
slot  J  to  a  radius  equal  to  the  length  of  G.  These  two  errors  may 
however  be  set  against  each  other,  and  a  compromise  may  be  made  by 
attaching  the  end  of  the  lever  E  direct  to  the  connecting-rod  at  A, 
and  allowing  the  centre  F  to  slide  in  a  straight  slot.  By  a  just 
balancing  against  each  other  of  the  errors  so  produced,  and  by 
making  the  centre  F  of  the  lever  E,  and  the  centre  of  the  disc  K, 
to  coincide  at  varying  points  in  the  travel  of  the  former,  a  fair  motion 
may  be  got  for  the  forward  gear  of  an  overhead  marine  engine,  giving 
a  longer  cut-off  for  the  up  stroke  than  for  the  down  stroke.  This  is 
of  course  at  the  sacrifice  of  the  backward  gear,  in  which  the  reverse 
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is  the  case ;  and  the  various  degrees  of  expansion  are  between  the  two 
extreme  conditions. 

Referring  again  to  the  equalising  of  the  traverse  of  the  centre  F 
of  the  lever  E  in  the  slot  J,  the  unequal  traverse  may  be  either 
under-corrected  or  over-corrected,  by  shifting  the  point  D  in  the 
vibrating  link  B  nearer  to  or  further  from  A ;  by  this  means  a  later 
point  of  cut-off  may  be  given  to  either  end  of  the  cylinder  at  will, 
and  the  engine  may  thus  have  more  steam  admitted  to  one  side  of  the 
piston  than  to  the  other,  if  required.  The  same  thing  may  be  done 
for  the  lead.  By  altering' the  position  of  the  crank  for  which  the  lever- 
centre  F  coincides  with  the  centre  of  the  slot  J,  an  increased  or  a 
diminished  lead  may  be  given.  The  central  positions  and  exact 
corrections  are  however  in  all  cases  standard  and  equal. 

Hitherto  the  centre  F  of  the  lever  E,  which  gives  motion  to  the 
valve  spindle,  has  been  described  as  carried  in  a  curved  slot.  This 
plan  is  given  as  the  most  simple  to  manufacture,  and  for  clearness 
sake  has  been  adhered  to  throughout  the  description.  But  if  preferred 
the  centre  F  may  be  carried  by  a  radius-rod,  in  the  manner  shown  in 
Figs.  7  and  8,  Plate  59,  for  a  marine  engine.  Here  the  centre  F  is 
supported  by  a  link  L,  and  the  other  end  of  this  link  is  carried  by  a 
weigh-lever  N  N,  whose  fixed  centre  takes  the  place  of  the  centre  of 
the  slot  J  in  the  other  design.  In  the  central  position  of  this  weigh- 
lever,  the  vibration  of  the  suspending  link  L  will  make  the  centre  F 
of  the  lever  E  describe  identically  the  same  arc  as  if  moving  in 
the  slot  J  while  in  its  central  position ;  and  by  rotating  the  weigh- 
lever  N  to  either  side  of  the  centre  line,  the  arc  described  by  the 
link  will  correspond  precisely  with  the  curve  of  the  slot  in  either  of 
its  extreme  positions,  as  well  as  in  every  intermediate  position  to 
which  the  reversing  lever  may  be  set. 

The  peculiarities  of  this  motion  having  now  been  described,  it 
will  be  evident  that  it  may  be  applied  wherever  the  link  gear  is  now 
employed :  with  this  difference  of  general  arrangement,  that,  where 
the  link  gear  requires  the  centre  line  of  the  valve  to  be  in  the  plane 
which  contains  the  centre  lines  of  the  cylinder  and  crank-shaft,  this 
gear  requires  the  valve  centre-line  to  be  set  in  the  plane  which 
contains  the  cylinder  centre-line  but  is  at  right  angles  to  the  crank-shaft 
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ccntrc-linc ;  that  is,  in  a  horizontal  engine  the  valve  must  be  on  the 
top  of  the  cylinder,  and  in  a  vertical  engine  it  must  be  at  the  front 
of  the  C3dinder,  instead  of  at  the  side. 

Several  applications  are  shown  in  the  drawings;  that  to  an 
overhead  marine  engine  is  given  by  Figs.  2  and  3,  Plate  57,  and  in 
the  model  No.  1.  The  application  to  horizontal  engines,  including 
rolling-mill  engines,  and  all  other  classes  of  mill  engine,  is  given  in 
Figs.  4  to  G,  Plate  58,  and  in  model  No.  2.  The  application  to 
locomotives  is  given  in  Figs.  IG  to  22,  Plates  Gl  to  G3,  showing  an 
inside-cylinder  engine :  though  it  will  be  clear  that  the  gear  is 
equally  suitable  for  outside  cylinders.  For  steam-plough  and  other 
engines,  the  arrangements  are  the  same  as  shown  by  model  No.  2. 
The  gear  has  also  been  arranged  with  a  separate  cut-off  valve,  worked 
also  from  the  extremity  of  the  lever  E,  Fig.  4,  Plate  58,  which  is 
lengthened  for  that  purpose  beyond  the  attachment  of  the  main- valve 
link  G.  The  lines  given  by  this  valve,  for  various  points  of  cut-off, 
are  shown  by  the  parallel  dotted  lines  in  Fig.  10,  Plate  60 :  while 
the  similar  lines  in  Fig.  11  represent  the  lines  of  the  usual  form 
of  ex2)ansion  valve,  applied  on  the  back  of  the  main  valve  of  a  link 
motion. 

We  now  come  to  the  advantages  claimed  for  this  system.  Taking 
the  link  gear  for  our  standard,  for  the  reason  already  mentioned, 
these  may  be  stated  as  follows.  First,  it  is  simpler  and  less  costly 
than  the  link  gear  by  fully  25  per  cent.,  taking  the  best  forms  of 
application  in  both.  The  writer  has  placed  this  advantage  first,  not 
because  he  thinks  it  by  any  means  the  most  important,  nor  because 
any  engineer  would  assign  to  it  .that  place ;  but  because,  as  is  well 
known,  the  first  question  asked  by  a  proposing  purchaser,  regarding 
any  new  invention  which  may  be  offered  to  him,  always  is — "  Will  it 
cost  more  than  the  old  system  ?  "  To  prove  this,  the  various  parts  of 
a  very  well  designed  link  motion  have  been  compared  with  an  equally 
carefully  designed  set  of  the  new  gear.  In  each  case  large  and 
equally  balanced  wearing  surfaces  are  provided  for,  no  overhung 
bearings  are  allowed,  and  the  best  facilities  for  taking  up  wear  and 
for  overhauling  are  provided ;  and  while  the  total  weights  for  the 
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link  gear  are  5  tons  6  cwts.  0  qr.  25  lbs.,  tliosc  for  the  new  gear  are 
4  tons  0  cwt.  1  qr.  27  lbs.,  showing  a  saving  in  weight,  in  favo^^r  of 
the  new  gear,  of  1  ton  5  cwts.  2  qrs.  26  lbs.,  or  about  25  per  cent. 
The  saving  is  not  only  in  weight  however,  but  also  in  the  greater 
simplicity  of  parts,  allowing  increased  facility  for  tooling  and 
fitting. 

Secondly,  by  placing  the  valve  in  the  positions  shown,  namely  in 
front  in  a  marine  engine,  and  on  the  top  in  a  horizontal  engine,  a 
more  simple  and  easily  constructed  form  of  engine  is  obtained.  The 
cylinders  also  lie  closer  together,  so  that  the  engine  is  shortened 
in  the  line  of  the  crank-shaft,  see  the  dotted  lines  in  Fig.  3, 
Plate  57.  Thus  in  a  marine  engine  space  is  gained  in  the  engine- 
room,  while  in  a  locomotive  larger  cylinders  may  be  got  into  the 
confined  space  between  the  frames ;  and,  the  cranks  being  closer 
together,  room  is  left  for  increasing  the  length  of  the  main  bearings 
of  the  crank-shaft.  All  the  centre  lines  of  construction  are  also 
either  parallel  or  at  right  angles  to  one  another.  Thus  all  the  parts 
of  an  engine  come  direct  off  the  tool,  and  go  square  together,  without 
any  inclined  faces,  such  as  require  care  in  setting  and  are  more 
costly  in  erection. 

Thirdly,  the  new  gear  is  more  correct.  In  point  of  fact  it  is 
almost  mathematically  correct.  By  setting  out  the  centre  lines 
properly,  a  valve-path  diagram  is  given  similar  to  that  shown  in  Fig.  9, 
Plate  60,  where  the  lead  and  cut-off  are  exactly  equal  for  both  ends  of 
the  cylinder,  and  remain  so  in  all  grades  of  expansion  to  mid-gear ; 
and  where  the  port  opens  and  closes  by  the  amount  given  as  lead  at 
equal  distances  on  each  side  of  the  centre  line.  The  only  variation 
is  that  the  port  for  the  rising  stroke,  in  an  overhead  marine  engine, 
opens  a  little  wider  than  the  port  for  the  falling  stroke.  In  practice 
however,  for  setting  the  valves  of  such  an  engine,  it  is  only  necessary 
to  lift  the  valve  on  the  valve  spindle  by  the  adjusting  nuts,  so  as  to 
allow  say  -J-  in.  lead  for  the  top  and  ^}  in.  for  the  bottom.  Then  the 
points  of  cut-off  will  follow  relatively  in  similar  proportion,  and 
valve-path  diagrams  will  be  produced  as  shown  in  Fig.  10,  where  the 
leads  and  points  of  cut-off  for  a  48-in.  stroke  are  respectively  f  in. 
lead  and  37  in.  cut-off  for  the  rising  stroke,  as  shown  by  the  upper 
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line,  and  J.  in.  lead  and  35  in.  cut-off  for  the  descending  stroke,  as 
shown  by  the  lower  line.  These,  comijared  witli  parallel  diagrams, 
Fig.  11,  taken  from  a  link  gear,  show  the  errors  of  the  link  coiTccted ; 
the  lead  and  cut-off  with  the  link  being  }  in.  and  35  in.  for  the  rising 
stroke,  and  ^  in.  and  37  in.  for  the  descending  stroke.  From  this 
latter  distribution  of  steam,  as  given  b}'  the  link  gear,  there  is  a 
greater  pressure  of  steam  to  di'ive  the  piston  down,  when  it  is  assisted 
by  the  falling  weights,  and  a  less  pressure  for  the  up  stroke  in  which 
all  the  weights  are  to  be  lifted.  This  jiroduces  the  result  shown  in  the 
following  Table,  as  compared  with  the  result  given  by  the  new  gear. 


TABLE  OF  TOTAL  PRESSURES. 


Do-\\-N-  Stroke. 

Ui'  Stiioke. 

Joy's  Gear ' 

Mean  Pressure       = 

(cut  off  at  35  iu.) 

+  weights  falling  = 

Total 

Tons. 
98 

2 

100 

Mean  Pressure      = 
(cut  off  at  37  iu.) 
—  weights  lifted    = 

Total 

Tons. 
102 

2 
100 

LinkGea^- < 

Mean  Pressure       = 

(cut  off  at  37  in.) 

+  weights  falling  = 

Total 

Tons. 
102 

2 

104 

Mean  Pressure       = 
(cut  off  at  35  in.) 
—  weights  lifted    = 

Total 

Ton.'^. 

2 

9(T 

It  will  be  seen  that  with  the  new  gear  the  total  effective  pressui-e 
is  the  same  in  both  the  uj)  and  the  down  stroke  ;  while  with  the  link 
there  is  an  inequality  (in  the  case  of  the  particular  figures  given)  of 
about  8  per  cent. :  an  inequality  very  noticeable  when  an  engine  is 
running  slowly,  and,  though  hardly  to  be  detected,  still  existing  even 
when  the  engine  is  at  full  speed.  The  equalising  and  relieving  of 
the  strains  by  the  new  gear  necessarily  results  in  a  more  smooth  and 
equal  working,  and  less  wear  and  tear,  than  can  be  obtained  with  the 
link  arrangement. 

Further,  an  examination  of  the  valve-path  diagrams  given  by  the 
new  gear,  and  a  comparison  of  them  with  others  of  similar  constituents 
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given  by  tlic  link,  will  disclose  another  fact;  namely  tliat  the 
movement  of  the  valve  by  this  gear  departs  more  widely  from  a 
continuously  even  speed  than  with  the  link  motion ;  the  acceleration 
is  relatively  augmented  and  the  retardation  prolonged,  so  that  the 
valve  receives  a  movement  more  resembling  that  produced  by  cams  or 
tappets,  but  entirely  free  from  the  jerks  or  shocks  inseparable  from 
those  motions,  since  the  movement  is  here  continuous.  The  circle, 
Fig.  15,  Plate  59,  shows  the  crank-path  of  a  vertical  engine  divided 
into  eight  intervals.  While  the  crank  is  passing  its  top  centre, 
through  the  interval  marked  A  to  B,  the  motion  imparted  to  the  valve 
is  caused  by  the  centre  F  of  the  lever  E,  Fig.  7,  swinging  down  the 
inclined  arc  in  which  it  moves,  while  the  lever  action  of  E  is  almost 
suspended.  During  this  time  the  valve  is  being  opened  sharply  by 
the  inclination  of  the  arc,  and  the  result  is  a  very  rounded  curve  in 
the  valve-path  diagram,  as  shown  by  the  full  line  on  Fig.  12,  Plate 
60.  During  the  next  interval  B  to  C  in  the  down  stroke,  the  centre 
F  of  the  lever  is  continuing  to  swing  down  the  inclined  arc ;  but  the 
lever  E  itself  has  now  begun  to  take  action  as  a  lever,  and  this  action 
is  counter  to,  and  partially  neutralises,  the  movement  of  its  centre  F. 
The  result  is  a  longer  dwell  of  the  valve,  at  the  time  when  it  is  fully 
opened,  the  effect  of  which  is  seen  in  the  diagram,  Fig.  12,  from  B  to 
C.  During  the  next  interval,  while  the  crank  passes  from  C  to  D, 
the  movement  of  the  centre  F  is  almost  nil,  while  the  lever  action  of 
E  is  fully  developed,  and  its  motion  is  at  its  quickest.  During  this 
time  the  valve  is  being  closed,  and  hence  comes  the  prompter  cut-off, 
as  seen  in  Fig.  12.  In  the  next  interval  D  to  E,  when  the  valve  is 
closed,  the  lever  action  of  E  continues,  though  its  effect  gradually 
decreases,  while  its  centre  F  is  now  swinging  up  the  inclined  arc  ; 
thus  both  are  acting  in  the  same  direction,  but,  as  one  diminishes 
while  the  other  increases,  the  result  is  to  maintain  the  speed  of 
the  valve  nearly  constant,  until  approaching  the  point  E,  when  a 
considerable  acceleration  takes  place  by  the  centre  F  swinging  more 
rapidly  up  the  inclined  arc.  This  occurs  just  at  the  point  required 
for  the  release,  which  is  thus  effected  by  a  quick  opening  of  the 
exhaust  port  as  it  is  uncovered  by  the  inner  edge  of  the  valve, 
giving  the  round  full  curve  shown  in  the  release  diagram,  Fig.  14, 
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Tlicii  for  the  upward  stroke  tlio  same  action  is  repeated  which  has 
just  been  described  for  the  downward  one.  On  the  same  diagram, 
Fig.  12,  is  shown  by  a  dotted  line  a  similar  valve-path  produced  by 
the  link :  in  this  the  comparatively  slower  opening  and  closing  of 
the  ports  is  very  apparent. 

While  the  above  advantages  are  gained  for  the  full  admission 
of  steam,  still  greater  arise  as  we  approach  the  higher  grades  of 
expansion.  From  the  constant  and  unaltered  lead  at  all  points  of 
cut-off,  coujDlcd  with  the  peculiar  acceleration  and  retardation  given 
to  the  valve,  as  described  above,  a  sufficiently  satisfactory  valve-path 
diagram  can  be  obtained  with  a  cut-off  at  one-third  of  the  stroke,  thus 
obviating  the  necessity  for  the  employment  of  the  usual  additional 
expansion  valve  and  gear.  The  full  line  in  Fig.  13,  Plate  60,  shows 
this  diagram.  It  will  be  seen  that  the  correct  lead  of  f  in.  (taking  the 
up  stroke)  is  maintained,  the  valve  commencing  to  open  about  J  in. 
before  the  beginning  of  the  stroke  of  the  piston,  and  giving  a 
considerably  increased  opening  for  the  port,  and  a  smart  cut-off. 
On  the  same  Fig.  13  is  shown  dotted  a  parallel  diagram  taken 
from  a  link.  Here  the  lead,  which  for  the  full  admission  was  set 
at  f  in.,  is  now  increased  to  about  ^  in.  ;  and  the  steam  would  be 
admitted  to  the  piston  about  1 J  in.  before  the  beginning  of  the  stroke. 
Beyond  the  amount  thus  given  as  lead  the  port  is  opened  very  little, 
and  almost  immediately  begins  to  close  again. 

A  number  of  less  important  but  yet  valuable  points  remain  to  be 
named,  but  these  need  not  be  enlarged  upon. 

The  new  gear  is  more  accessible  than  the  old,  as  all  the  main 
working  parts  are  brought  down,  and  out  to  the  front,  and  are  placed 
.  close  together  under  the  direct  inspection  of  the  engineer,  and 
within  easy  reach  for  examination  and  oiling.  They  do  not,  as 
with  eccentrics,  encumber  the  shaft  and  main  bearings,  which  are 
here  left  quite  open,  and  without  moving  parts  about  them  other 
than  the  crank,  thus  rendering  examination  of  and  attention  to 
these  important  parts  more  easy. 

Again,  the  complete  gear  is  always  in  useful  action,  and  for 
backward  running  the  very  same  parts  are  employed  as  for  forward 
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running,  and  no  otliers:  tlio  difference  of  direction  being  simply 
due  to  the  altered  positions  of  the  parts.  Hence  no  duplicate  parts 
are  carried,  such  as  are  required  in  the  link  gear,  in  which  a 
complete  set  of  eccentrics,  straps,  rods,  &c.,  have  to  be  provided  for 
backward  running.  The  whole  of  these  are  continually  in  motion, 
notwithstanding  that  in  forward  running  their  motion  is  not  only 
useless,  but  is  even  prejudicial  to  the  action  of  the  forward  gear.  In 
Atlantic  steamers,  for  instance,  this  useless  working  is  continued  for 
about  ten  days  together,  solely  in  order  that  the  backward  section  of 
the  gear  may  serve  for  a  few  back  turns  on  arriving  in  port. 

Overhauling  for  repairs  and  for  taking  up  of  wear  will  also  be 
more  easily  executed  with  the  new  gear,  as  the  parts  are  removable 
more  independently  of  each  other;  and  one  great  source  of  wear, 
namely  the  eccentrics,  is  done  away  with. 

This  gear  is  also  more  easy  to  reverse,  requiring  less  power  than 
the  link-gear;  and  the  effect  on  the  engine  can  be  carried  much 
further,  as  it  is  only  necessary  slightly  to  increase  the  angle  of  the 
slot  J,  Plate  58,  or  of  the  arc  in  which  the  lever-centre  F  swings, 
Plate  59,  in  order  to  increase  the  opening  of  the  port,  and  prolong 
the  action  of  the  steam  on  the  piston,  so  far  that,  in  whatever  position 
an  engine  might  be  standing,  it  would  start.  Hence  in  a  marine  engine 
it  would  never  be  necessary  to  reverse  in  order  to  get  off  the  bottom 
centre ;  and  in  a  locomotive  there  would  be  no  need  for  backing,  such 
as  is  often  resorted  to  when  an  engine  is  unable  to  start,  owing  to  the 
considerable  lap  given  to  her  valves,  for  the  sake  of  employing  high 
degrees  of  expansion.  In  either  case  it  would  only  be  necessary  to 
move  the  reversing  lever  forward  beyond  the  usual  full-steam  notch 
(for  which  a  provision  is  made),  in  order  to  permit  the  steam  to 
follow  the  piston,  if  required,  for  even  9-lOths  of  the  stroke;  the' 
engine  would  then  have  power  to  start,  whatever  the  position  of  the 
cranks,  or  whatever  the  weight  of  the  load. 
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Discussion. 
Mr.  Joy  exhibited  working  models  of  the  valve-gear  for  locomotive 
and  marine  engines,  and  exjilained  its  action. 

Mr.  F.  C.  Marshall  said,  as  Mr.  Joy  had  been  good  enough  to 
mention  his  name  in  the  paper  in  connection  with  the  question  of 
new  valve-gears,  he  had  ventured  to  show,  Plate  65,  his  own  valve- 
gear  as  he  was  at  present  fitting  it  to  a  large  number  of  marine 
engines.  The  principle  of  this  gear  was  precisely  that  adopted  by 
Mr.  Joy,  both  of  them  arising  out  of  the  original  invention  of  John 
Wesley  Hack  worth.  It  was  the  principle  of  a  movable  centre 
connected  to  the  valve,  which  centre  traversed  an  arc  passing  througb 
the  centre  of  the  reversing  shaft,  and  coincided  with  that  centre  when 
in  the  dead  position ;  thus  securing  a  uniform  lead  at  all  points  of 
cut-off,  and  obtaining  an  equal  cut-off  at  both  ends  of  the  stroke 
or  otherwise,  as  might  be  desired.  Six  sets  of  engines  were  now  at 
work  at  sea  witb  this  valve-gear,  indicating  from  100  to  1800  H.P. 
The  action  in  the  motion,  as  in  Mr.  Joy's,  was  simply  perfect,  so  far 
as  the  distribution  of  steam  was  concerned,  as  also  in  the  relief  of 
strain  on  all  the  working  parts,  and  in  the  means  of  giving  a 
slightly  increased  quantity  of  steam  on  the  underside  of  the  piston ; 
also  in  maintaining  uniformity  of  lead,  so  that  there  was  a  uniform 
pressure  at  the  top  and  bottom  of  the  stroke  when  the  engines  were 
on  the  centres.' 

He  scarcely  liked  to  compare  his  ot^ti  design  with  Mr.  Joy's; 
Hbut  there  was  one  advantage  it  possessed  that  he  might  point  out. 
While  they  both  attained  the  same  objects,  his  design  had  only 
five  working  parts  for  each  engine,  instead  of  eight  in  Mr.  Joy's. 
It  was  seen  in  Fig.  25,  Plate  65,  that  the  eccentric  was  opposite  the 
crank  under  all  conditions ;  and  when  the  crank  was  on  either  centre, 
the  valve  connecting-rod  and  the  main  connecting-rod  were  parallel 
to  each  other.  The  valve-chest  was  fixed  at  the  corner  of  the 
cylinder  casting,  having  an  angular  position  in  the  plan,  which  was 
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allowed  for  by  making  tlie  pin-joint  in  tlio  valvc-rod  parallel  to  tlio 
crank-shaft.  The  eccentric-rod,  which  with  its  strap  was  made  usually 
of  cast  steel,  extended  to  where  the  reversing  shaft  L  was  fixed,  on 
which  was  keyed  the  arm  K,  Figs.  2G  and  27 ;  the  extremity  of  the 
arm  formed  the  fulcrum  for  the  suspending  link  J,  the  other  end  of 
which  was  jointed  to  the  extremity  of  the  eccentric-rod.  For 
reversing  or  working  expansively,  the  reversing  arm  K  was  thrown 
over  into  its  opposite  extreme  position,  indicated  by  the  dotted  lino 
in  Fig.  25,  or  into  any  intermediate  position ;  this  could  be  done  by 
any  plan  that  might  be  preferred,  the  screw  gearing  into  a  toothed 
quadrant,  as  shown  in  Fig.  25,  being  merely  a  typical  arrangement. 
The  point  of  attachment  for  the  valve-rod  to  the  eccentric-rod  was 
determined  in  due  relation  to  the  throw  of  the  eccentric,  the  stroke 
of  the  engine,  and  the  lengths  of  the  connecting-rod  and  eccentric - 
rod.  In  Mr.  Joy's  design  he  believed  there  was  the  same  number 
of  parts  as  in  the  ordinary  link  motion.  The  only  points  of 
objection  that  he  saw  were  the  very  long  travel  of  the  valve  lever, 
equal  to  that  of  the  connecting-rod,  say  ranging  from  3  ft.  to  6  ft. 
as  in  the  City  of  Home ;  and  the  sliding  motion  at  the  opposite  end 
of  the  lever,  in  the  reversing  weigh-shaft  sliders.  Perhaps  at  the 
end  of  a  thirty  days'  voyage,  or  even  an  Atlantic  voyage,  some 
serious  difficulty  might  be  experienced  in  the  way  of  repairs  to  the 
engines,  from  the  fact  of  the  pin  joints  wearing  out.  Being  attached 
to  the  connecting-rod,  the  lever  would  be  subject  to  heavier  wear 
than  if  attached  to  the  ordinary  eccentric,  and  so  having  a  mucli 
less  distance  to  travel. 

The  shortening  of  the  engine-room,  as  claimed  by  Mr.  Joy,  was 
only  a  very  small  matter,  because  the  length  was  generally  governed 
by  the  size  of  the  condenser.  His  own  motion  was  worked  with 
only  one  eccentric  instead  of  two.  The  smallest  vessel  worked  in 
that  way  was  a  yacht,  belonging  to  Capt.  Lee  Guinness  of  Dublin. 
The  highest  power  was  that  of  the  Lady  Tyler,  1650  H.P.  Figs. 
28  and  29,  Plate  Q>^,  were  exact  coj)ies  of  original  indicator  diagrams 
taken  from  the  Osmanli,  the  highest  power  indicated  being  1409  H.P. 
By  the  cut-off,  as  shown,  the  power  was  varied  from  1409  down  to  only 
389  H.P.,  the  revolutions  of  the  engine  coming  down  from  57  to  35 
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per  iiiiiiiitc,  and  the  engiiiGS  working  in  a  fashion  wliicli,  witli 
tlic  ordinary  link  gear,  was  very  excei)tional.  The  fact  of  having 
increased  admission  of  steam  on  tlic  nnderside  of  the  piston  had 
a  wonderful  effect  in  relieving  the  bearings.  Tliere  had  never  been 
a  hot  journal  in  any  of  those  engines,  not  even  in  tlieir  trial  runs. 
He  believed  Mr.  Joy's  design  would  have  the  same  effect,  because 
either  of  these  motions  gave  perfect  control  over  the  admission  of 
the  steam,  and  always  secured  uniformity  of  lead.  The  simple 
difference  between  Mr.  Joy's  motion  and  his  own  was  that  Mr.  Joy's 
worked  from  the  connecting-rod,  while  his  own  worked  from  an 
eccentric, 

Mr.  F.  W.  Webb  said  that,  when  Mr.  Joy  showed  him  his  gear, 
he  was  himself  busy  designing  a  larger  type  of  goods  engine,  and  was 
endeavouring  as  far  as  possible  to  increase  the  bearing  surfaces, 
having  adopted  18-in.  cylinders  and  140  lbs.  steam-pressure.  It 
was  difficult  to  get  such  large  bearing  surfaces  as  he  wanted,  having 
to  provide  four  eccentrics  on  the  crank-shaft  ;  and  when  Mr.  Joy 
came  to  him  he  was  busy  at  work  with  another  modification  of 
Hack  worth's  gear.  He  thought  well  enough  of  Mr.  Joy's  proposal  to 
ask  his  directors  to  have  an  engine  built  to  try  the  experiment ;  and 
this  engine  itself  had  been  sent  down  to  Barrow  for  the  members  to 
examine,  and  to  look  into  all  the  details  at  their  leisure  after  the 
meeting.  The  indicator  diagrams,  Figs.  23  and  24,  Plate  64,  showed 
the  working  of  the  valve-motion ;  and  the  motion  itself  and  other 
details  of  the  engine  were  also  shown  in  Plates  61  to  63.  Of  the 
diagrams,  one,  Fig.  23,  was  taken  at  a  slow  speed  to  show  the 
perfect  action  of  the  steam  in  the  cylinder ;  and  the  other.  Fig.  24, 
at  higher  speed,  with  an  earlier  cut-off. 

There  was  another  point  in  this  engine,  in  connection  with  the 
valve-motion.  It  was  not  of  course  a  new  idea,  being  known  as  the 
Trick  or  Allen  valve.  By  that  arrangement,  Fig.  18,  Plate  62,  owing 
to  the  passage  through  the  back  of  the  valve,  there  was  a  double 
admission  on  the  lead,  and  though  the  valve  was  not  open  for  the 
admission  of  steam  until  the  piston  got  within  about  one-hundredth 
part  from  the  end  of  the  stroke,  yet  J  in.  opening  was  got  almost 
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instantaneously ;  and  there  was  also  a  more  sudden  cut-off,  as  shown 
in  the  diagrams. 

The  success  in  getting  an  increased  bearing  surface  was  well  seen 
in  Figs.  17  and  22,  Plates  62  and  63,  showing  an  engine  with  18-in. 
cylinders,  placed  1  ft.  10  in.  centre  to  centre.  There  was  a  9-in. 
axle-box,  and  5J-in.  width  of  crank-pin  instead  of  the  ordinary  4  in. 
He  had  got  plenty  of  surface  for  the  connecting-rod  and  cross-head, 
and  there  was  plenty  of  room  to  get  up  and  examine  or  clean  the 
engine-motion.  The  reversing  shaft  was  a  hollow  casting  of  cast 
iron.  The  curved  segments  forming  the  slides  for  the  valve-motion, 
Fig.  19,  were  turned  up  in  the  lathe  in  a  circle  of  the  proper  radius, 
and  then  cut  off  in  sections  of  the  required  length ;  they  were  made 
of  mild  steel  and  afterwards  case-hardened.  For  oiling  the  valve  slide- 
blocks  the  oil-cups  were  carried  on  the  top  of  the  slides,  Fig.  19,  so  that 
they  could  be  oiled  while  the  engine  was  running  at  full  speed.  All 
the  working  and  wearing  parts  were  circular  bushes  of  hard  phosphor- 
bronze  ;  and  any  of  them  could  be  removed  by  slacking  back  the  oil- 
cup,  which  was  used  for  locking  in]  the  bush.  The  oil-cup  entering 
into  the  bush,  as  shown  in  Fig.  19,  prevented  the  bush  from  revolving ; 
and  by  simply  slacking  back  the  oil-cup,  the  bushes  could  be 
removed.  The  coupling  rods  were  bushed  on  the  same  method  of 
locking  in  the  bronze  bushes  by  the  oil-cups  ;  and  the  oil-cups  were 
themselves  locked  in  in  a  simple  way  by  a  bit  of  wire. 

There  was  another  thing  in  this  locomotive  which  Mr.  Joy's 
valve-motion  had  enabled  him  to  do.  There  were  only  two  cotters, 
those  for  coupling  the  piston-rods  to  the  cross-heads.  Having  that 
extra  width  of  crank-pin  to  work  upon,  instead  of  putting  in  an 
ordinary  cotter  in  the  large  end  of  the  connecting-rod,  Fig.  20, 
Plate  62,  he  had  put  in  a  circular  taper  pin  through  the  block  B  for 
holding  in  the  brasses ;  so  that,  in  disconnecting  the  engine,  all  that 
had  to  be  done  was  to  take  off  the  bottom  nuts  of  this  taper  pin, 
tighten  up  the  upper  nut  half  a  turn,  and  the  pin  was  free  to 
take  out. 

There  was  also  another  advantage  that  was  obtained,  namely  in 
the  tightening  up  and  slacking  of  the  connecting-rod  brasses.  Instead 
of  having  the  edge  of  a  cotter  bearing  against  the  brass,  which  was 
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gciiorally  tlic  case,  ho  did  away  with  the  cotter,  and  used  a  cast-iron 
block  C  with  a  bolt  through  it,  and  tlirough  tlie  connecting-rod  fork ; 
so  that  by  tightening  the  top  nuts  the  brasses  were  tightened  up  ; 
and  if  the  bearing  got  warm,  then  by  slacking  the  top  and  tightening 
the  bottom  nuts  the  brasses  might  be  relieved. 

With  the  President's  permission  he  should  like  to  mention  a  few 
other  deviations  which  he  had  made  in  this  engine  from  the 
ordinary  practice,  though  they  did  not  directly  refer  to  the  subject 
<»f  valve-motion.  One  was,  doing  away  with  the  solid  foundation- 
rings  in  the  fire-box,  and  using  a  water  bottom  instead,  as  shown  in 
Fig.  16,  Plate  61,  thus  giving  more  room  for  expansion  and 
contraction.  The  fire-hole  door  was  also  arranged  without  a  ring, 
jind  a  similar  opening  was  placed  in  the  bottom  for  the  purpose  of 
removing  the  ashes  at  any  time,  a  sliding  door  being  provided  over 
it,  worked  from  the  footplate.  A  mouthpiece  was  arranged  in  front 
for  the  admission  of  air  under  the  fire-bars,  as  shown,  extending  the 
whole  breadth  of  the  fire-box ;  and  the  tube-plate  could  be  renewed, 
or  the  fire-box  repaired,  without  having  to  take  out  the  entire  box,  or 
remove  the  water  bottom.  The  damper  was  made  to  open  inwards, 
so  as  to  deflect  the  air  towards  the  middle  of  the  fire. 

The  footplates  in  all  the  North  Western  engines  were  now  made 
one  standard  width  over  all,  as  shown  in  the  cross  section,  Fig.  22, 
Plate  63 ;  making  it  worth  while  to  cut  rolls  for  a  special  section, 
and  so  economise  both  laboui'  and  materials  in  their  construction.  The 
man-hole  lid  and  the  dome  cover  were  also  made  each  out  of  a  flat 
plate,  stamped  up  under  the  steam-hammer  in  three  or  four  successive 
die^,  to  bring  it  to  the  finished  shape. 

It  was  an  important  point  for  engineers  to  consider,  whether 
some  uniform  dimensions  could  not  be  adopted  for  the  parts  of 
engines,  in  the  same  way  that  Sir  Joseph  Whitworth  had  adopted  a 
uniform  type  of  screw.  If  some  such  uniform  plan  could  be  adopted, 
it  would  much  facilitate  the  work  of  English  private  firms  in 
competition  with  the  rest  of  the  world. 

The  President  enquired  whether,  with  the  longer  bearing  surfaces 
in  the  connecting-rods  of  the  goods  engine  now  described,  there  was 
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found  to  be  any  evil  arising  from  the  slightly  winding  position  of 
the  crank-axle,  whenever  by  the  action  of  the  springs  at  the  ends  of 
the  axle  it  was  allowed  to  deviate  from  its  true  horizontal  position. 
Did  this  throw  anything  of  a  twist  upon  the  connecting-rod  or 
bushes  ? 

Mr.  Webb  replied  there  had  not  been  any  difficulty  from  that 
cause,  owing  to  the  arrangements  made  for  allowing  ample  play ;  the 
connecting-rod  bushes  had  yL  in.  side  play,  and  the  brasses  were 
just  eased  out  at  top  and  bottom,  which  was  enough  to  provide  for  all 
torsional  movements  due  to  the  vertical  play  of  the  axle  ends. 

Mr.  J.  H.  KiTSON  said  that,  having  been  concerned  in  the  working 
of  a  steam  tramcar  for  some  years,  it  had  become  necessary  to  him 
to  get  rid  of  eccentrics  in  some  way;  and  this  could  be  done  in 
several  different  ways.  His  arrangement,  shown  in  Fig.  30,  Plate  67, 
was  simply  a  modification  of  the  Walschaert  gear ,  Fig.  38,  Plate  69  ; 
but  the  eccentric  used  in  that  gear  was  here  got  rid  of  altogether,  by 
deriving  motion  from  the  coupling-rod  C  through  a  link  B,  the  upper 
end  of  which  was  attached  to  an  arm  A  on  the  ordinary  curved  and 
slotted  expansion-link  E.  A  rocking  motion  was  thus  imparted  to 
the  link  E  about  its  fixed  centre ;  and  the  rod  from  the  link  slide- 
block  being  attached  to  the  valve-lever  D  a  little  below  the  valve-rod 
pin  G,  while  the  lower  extremity  of  the  lever  D  was  linked  to  the 
piston-rod  cross-head  J,  the  resultant  motion  imparted  to  the  valve  was 
a  combination  of  that  communicated  from  the  coupling-rod  C  through 
the  expansion-link  E,  with  that  received  from  the  cross-head.  In 
the  earlier  half  of  each  stroke  these  two  movements  were  acting  in 
conjunction,  and  in  the  latter  half  in  opposition,  besides  varying  in 
their  relative  efficiencies  throughout  the  stroke :  the  slide-valve 
thereby  received  a  rapid  travel  at  each  end  of  the  piston  stroke, 
with  a  long  dwell  during  the  middle  of  the  stroke.  By  this 
arrangement,  on  the  principle  of  taking  from  the  coupling-rod  a 
motion  at  right  angles  to  that  from  the  cross-head,  the  same  result 
exactly  was  obtained  as  in  Mr.  Joy's  or  Mr.  Marshall's  gear,  namely 
a  perfect  distribution  of  steam  with  a  perfect  lead;  and  the   very 
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rapid  wear  of  the  eccentric  was  got  rid  of  by  substituting  simple 
oscillating  joints  instead  of  the  rubbing  surface  of  the  eccentric. 
Ho  did  not  know  whether  it  was  wanted  or  not,  but  preparation  had 
been  made  for  taking  up  wear  in  the  expansion-link  and  link-block 
by  drawing  together  the  two  bars  forming  the  link.  In  practice  that 
provision  would  be  got  rid  of  if  possible ;  but  in  sending  out  new 
work  of  an  experimental  character,  like  a  tramcar  engine,  he  wished 
to  be  prepared  for  everything. 

Mr.  James  HuMrHRYS  said  that,  from  his  intimate  association 
with  Mr.  Joy,  he  had  had  his  valve-gear  before  him  for  some  time, 
and  had  enquired  very  carefully  into  all  its  working,  and  as  to 
the  probability  or  otherwise  of  its  complete  success.  He  had  no 
hesitation  in  stating  his  opinion  that  it  was  as  perfect  a  motion,  for 
obtaining  the  cut-off  in  steam  engines,  as  could  well  be  designed. 
There  could  be  no  doubt,  he  thought,  that  for  many  purposes  it 
would  be  difficult  to  obtain  a  more  perfect  arrangement  than  that  of 
Mr.  Joy.  Of  coui'se  his  own  particular  business  was  with  the  marine 
engine ;  and  the  advantage  of  Mr.  Joy's  system  might  not  be  of  such 
paramount  importance  in  the  case  of  the  marine  engine  as  with  other 
types  of  engine,  particularly  the  locomotive,  where  steam  of  a  very 
high  pressure  was  used  in  a  single  cylinder,  and  where  therefore  a 
very  even  cut-off  in  the  forward  and  backward  strokes  was  of  primary 
imj)ortance.  Mr.  Joy's  system  might  also  be  very  beautifully  applied 
to  rolling-mill  engines,  cotton-mill  engines,  and  other  engines  of 
that  type,  where  great  uniformity  of  power  in  the  two  strokes  was  a 
desideratum. 

In  the  case  of  the  marine  engine,  it  was  a  question  of  the 
<}omparative  cost  of  the  old  link-motion  and  of  Mr.  Joy's  gear.  They 
had  had  the  details  very  carefully  considered  in  the  event  of  their 
having  to  apply  the  system,  as  he  hoped  they  would  do  some  of  these 
days.  They  had  arranged  with  Mr.  Joy  a  series  of  details  for  his 
gear,  by  which  they  got  adequate  bearing  surfaces,  such  as  he  was 
sure  would  carry  a  vessel  in  safety  across  the  Atlantic ;  and  he  was 
convinced  that,  where  the  wearing  surfaces  and  joints  were  well 
•considered,  there  was  no  more  difficulty  or  danger  in  attaching  the 
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valve-gcar  to  tlie  connectiug-rod  than  there  was  in  attaching  the 
connecting-rod  itself  to  the  crank-pin.  After  having  got  all  the 
details  as  satisfactory  as  those  of  the  best  link-motion,  they  compared 
the  two,  and  found  that  the  cost  was  decidedly  less  in  the  case  of 
Mr.  Joy's  gear,  and  that  there  were  also  a  number  of  advantages 
which  would  accrue  from  its  use,  such  as  the  better  disposition  of 
the  valves.  There  could  be  no  doubt  that  where  the  valves  could  be 
readily  worked  from  the  front  of  the  engine,  it  was  more  advantageous 
in  a  steamship  than  if  they  were  placed  between  the  pair  of  engines, 
because  of  course  in  the  latter  case  they  were  somewhat  less 
accessible. 

Having  thus  made  a  careful  analysis  of  the  two  gears,  they  were 
quite  disposed  to  make  an  experiment  on  a  marine-engine ;  but  of 
course  the  builders  were  not  the  only  people  to  be  consulted  in 
matters  of  that  kind ;  and  shipowners  naturally,  and  he  supposed 
rightly,  had  great  hesitation  in  adopting  any  innovations,  because 
in  so  many  instances  any  deviation  from  the  old  plan  had  been 
followed  by  little  difficulties,  which  had  not  been  foreseen.  The 
shipowners  naturally  had  to  exercise  the  greatest  possible  amount 
of  caution,  lest  some  little  hitch  should  arise  in  the  middle  of  the 
ocean,  a  thousand  miles  away  from  everywhere;  and  they  much 
preferred  therefore  leaving  experiments  to  some  one  else  than 
themselves.  That  was  the  reason  why  Mr.  Joy's  gear  had  not  yet 
been  applied  to  any  of  the  engines  built  at  the  Barrow  SLipbuilding 
Works ;  but  so  far  as  he  was  personally  concerned  he  should  have 
no  hesitation  in  applying  it  with  the  most  confident  expectation 
of  success.  With  regard  to  the  question  of  the  wearing,  he  thought 
if  the  bearing  surfaces  were  well  considered,  there  was  no  reason 
to  apprehend  any  difficulty  on  that  point.  To  his  mind  Mr.  Joy's 
gear  would  fulfil  its  functions  with  a  less  amount  of  friction  than  any 
other  gear  he  had  ever  seen. 

Mr.  William  Boyd  said  Mr.  Joy  had  been  singularly  fortunate 
in  having  the  powerful  advocacy  of  Mr.  Webb,  and  in  having  a 
practical  illustration  of  his  gear  so  prominently  brought  before  the 
mc^mbers  of  the  Institution.      He  was  sure  that  all  of  them  who  had 

2  L 


438  REVERSING    AND    EXPANSIVE    VALVE-GEAR.  AufJUST  1880. 

seen  tlio  locomotive  with  tliis  gear  on  the  previous  day  must  liavo 
been  very  mucli  gratified  with  the  way  in  which  the  gear  was  worked, 
and  with  the  exact  movements  of  the  various  parts.  It  was  however 
especially  in  reference  to  marine  engines  that  he  desired  to  say 
a  few  words.  In  the  first  place  he  had  to  differ  from  his  friend 
Mr.  Humphrys,  since  he  considered  the  equal  distribution  of  the 
steam  in  the  cylinder  during  the  up-stroke  and  the  down-stroke  was 
as  important  in  the  marine  engine  as  it  was  in  the  locomotive  or  in 
any  other  sort  of  engine.  Now  Mr.  Joy's  gear  appeared  to  him  to 
be  theoretically  perfect  ;  and  it  was  only  in  regard  to  its  practical 
application  that  any  remarks  could  properly  be  made. 

There  were  one  or  two  considerations  entering  into  the  adoption 
of  gear  of  that  sort  in  marine  engines,  which  were  perhaps  different 
from  those  that  related  to  its  adaptation  to  a  locomotive.  Mr.  Webb 
had  described  the  facilities  with  which  he  could  take  up  the  parts 
of  the  gear,  so  as  to  adjust  the  wear  and  tear.  In  the  case  of  a 
marine  engine  however,  it  might  be  at  sea  twenty,  thirty,  or  forty 
days,  and  then  any  adjustment  was  a  much  more  difficult  task  ;  and 
any  multiplication  of  the  various  parts  requiring  adjustment  ought 
not,  he  thought,  to  be  lightly  entered  into.  Mr.  Joy  took  his  first 
motion  for  the  gear  from  the  connecting-rod.  Now  that  connecting- 
rod  was  suspended  between  two  points,  being  attached  to  the  lower 
end  of  the  piston-rod  and  to  the  crank-pin ;  and  on  both  those  points 
during  a  long  voyage  there  was  very  serious  wear.  One  of  the 
problems  before  marine  engineers  was  to  provide  a  metal  which 
should  reduce  that  wear  to  a  minimum.  Phosphor-bronze,  white 
metal,  and  all  sorts  of  things  were  in  use.  It  appeared  to  him 
therefore,  with  all  deference  to  Mr.  Joy,  that  he  had  made  a  mistake 
in  taking  the  first  motion  from  a  part  which  was  liable  to  so  much 
wear,  and  required  such  constant  adjustment. 

With  regard  to  the  two  parts  of  the  motion,  namely  the  levers  or 
links  B  and  C,  Fig.  4,  Plate  58,  it  was  remarkable  to  notice  the 
unsteady  motion  on  the  model  now  exhibited  ;  and  even  at  the 
moderate  speed  of  marine  engines — 60  or  70  revolutions  per  minute 
— the  unsteady  or  "  wobbling  "  motion  of  those  levers  B  and  C  must  be 
serious.     He  thought  it  worthy  of  consideration  whether,  considering 


August  1880.  REVERSING    AND    EXPANSIVE    VALVE-GEAR.  439 

the  rare  occasions  when  the  backward  gear  was  used,  it  might  not  be 
advisable  to  avoid  those  two  levers,  and  to  couple  the  lever  E 
directly  to  the  connecting-rod,  as  suggested  by  Mr.  Joy  in  his  paper. 

There  was  another  point  to  which  he  ventured  to  take  considerable 
exception.  The  sliding  motion  of  the  block  in  the  slot  J  would,  he 
thought,  be  liable  to  give  trouble  on  long  voyages,  and  it  would  be 
impossible  to  adjust  it.  It  was  of  course  known  that  the  designer  of 
a  link-motion  always  arranged  his  rods  and  gear  in  such  a  way  that 
the  points  of  the  eccentric-rods  came  in  a  direct  line  if  possible  with 
the  valve-rod  itself,  so  that  the  sliding  motion  of  the  block  within 
the  link  when  working  was  reduced  to  a  minimum.  It  was  the  motion 
of  the  block  in  the  link  that  was  most  difficult  to  manage,  so  as  to 
take  up  the  wear  consequent  upon  it;  and  good  gear  was  usually 
designed  so  as  to  reduce  that  sliding  motion  to  a  minimum.  In 
the  present  case  he  thought  it  was  carried  to  a  maximum. 

In  reference  to  Mr.  Marshall's  gear,  he  had  had  the  pleasure 
of  seeing  it  at  work,  and  knew  that  it  was  adopted  in  several  boats 
which  Mr.  Marshall  had  constructed,  amongst  others  some  steam 
turret-vessels  running  16  knots  an  hour.  The  objection  to  the  wear 
of  the  eccentric  in  the  strap  he  thought  was  exaggerated.  The 
eccentric  had  done  good  service  in  the  past,  and  he  thought  they 
were  perhaps  a  little  in  a  hurry  to  condemn  it  as  untrustworthy  and 
objectionable.  For  his  own  part  he  preferred  the  regular,  continuous, 
circular  motion  of  the  eccentric  in  the  strap  to  the  fore  and  aft 
motion  of  the  point  D,  Fig.  4,  by  which  in  Mr.  Joy's  gear  motion 
was  derived  from  the  connecting-rod  of  the  engine. 

Mr.  John  Eobinson  agreed  very  much  in  the  observations  just 
made  by  Mr.  Boyd.  It  seemed  to  him  there  was  a  difficulty  in  the 
motion  shown  in  Fig.  4,  Plate  58,  from  the  immense  amount  of  wear 
which  was  sure  to  come  on  the  block  sliding  in  the  slot  J.  He 
knew  how  difficult  it  was  in  the  ordinary  valve-motion  of  a  locomotive 
to  prevent  that  wear  and  tear;  and,  so  far  as  he  understood  it, 
he  thought  this  prevention  would  be  more  difficult  in  the  case  shown 
in  Fig.  4  than  in  the  best  examples  of  the  link-motion.  The  other 
parts  were  very  simple,  and  commended  themselves  very  much  to 
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iniiiiufacturcrR  of  locomotive  engines,  because  they  could  be  produced, 
as  Mr.  AVebb  had  shown,  without  smiths'  hammers  or  fitters'  tools : 
everything  could  be  done  by  machine-work.  On  the  other  hand,  he 
did  not  like  increasing  the  number  of  ^ins  around  which  there  was 
simply  an  oscillating  motion.  Such  a  motion  always  gave  trouble. 
It  was  not  a  matter  of  difficulty  perhaps  for  locomotive  engineers, 
because  it  was  easy  to  take  up  the  wear ;  but  in  the  case  of  long 
transatlantic  or  trans-tropical  voyages,  difficulties  might  arise. 
Theoretically  he  thought  Mr.  Joy  had  succeeded  most  admirably ; 
and  he  had  no  doubt  that,  with  such  an  excellent  precursor  as 
Mr.  Webb,  locomotive  engineers  would  find  out  how  to  get  over  any 
practical  difficulties  which  might  arise  from  the  adoption  of  this 
motion. 

Mr.  Arthur  Paget  observed  that  Mr.  Boyd  and  Mr.  Robinson 
had  taken  exception  to  the  large  amount  of  travel  of  the  block  in  the 
slot.  He  should  like  to  ask  them  whether  it  had  occurred  to  them  to 
compare  the  amount  of  travel  of  the  eccentric  in  its  strap  with  the 
travel  of  the  block  in  the  slot. 

Mr.  Boyd  said  he  had  explained  that  the  motion  of  the  eccentric 
in  its  strap  was  a  perfectly  different  motion  from  the  sliding  motion 
of  the  block  in  the  link.  One  was  a  continuous  circular  motion  :  the 
other  a  reciprocating  sliding  motion ;  and  his  own  view  was  that  he 
should  prefer  the  eccentric. 

Mr.  Webb  asked  leave  to  point  out  that  Mr.  Boyd  had  mentioned, 
as  the  great  difficulty  in  the  case  of  an  Atlantic  voyage,  the  taking  up 
of  the  wear  in  the  connecting-rod  end ;  and  that  motion  was  a  circular 
motion  round  the  crank-pin.  Now  in  an  ordinary  locomotive  each 
of  the  four  eccentrics  travelled  in  its  strap  about  4  feet  per 
revolution,  giving  about  16  feet  in  all  for  each  revolution  of  the 
engine.  He  thought  that  any  one  riding  on  a  locomotive 
with  6  ft.  6  in.  wheels,  and  going  60  miles  an  hour,  would  wonder 
how  it  was  that  the  link-motion  lasted  a  mile.  Nevertheless 
engineers  would  all  be  satisfied  with  the  link-motion,  if  they  could 
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get  with  it  wliat  they  wanted  to  get  in  the  locomotive,  namely 
larger  bearing  surfaces,  so  as  to  keep  the  engines  out  of  the  repairing 
shop.  In  some  of  the  London  and  North  Western  engines,  he  had 
been  able  to  get  tliese  larger  bearing  surfaces;  and  one  engine  last 
year  had  run  57,000  miles  in  52  weeks — a  very  different  result  from 
what  they  had  been  in  the  habit  of  getting  before.  He  certainly 
should  not  be  contented  with  that  engine  if  it  would  not  keep  out  of 
the  shop  for  two  years ;  and  such  a  result  in  regard  to  mileage  he 
thought  would  compare  with  the  longest  marine  voyage  that  could  be 
made.  The  vertical  motion  in  the  slides  in  Mr.  Joy's  gear  was  8  in. 
each  way,  or  16  in.  for  each  revolution  of  the  engine,  and  there  was 
one  of  these  blocks  for  each  side ;  so  that  the  total  reciprocating 
motion  in  these  two  slides  was  only  2  ft.  8  in.  for  each  revolution  of 
the  engine,  very  considerably  less  than  with  the  eccentrics. 

With  regard  to  the  number  of  pins,  anybody  could  count  the 
number  of  those  that  had  any  work  to  do,  w^iich  he  thought  would 
compare  favourably  with  any  link  motion,  especially  if  a  weigh-bar 
had  to  be  introduced  in  the  latter,  on  account  of  the  large  cylinders. 

Mr.  Jeremiah  Head  said  at  first  sight  Mr.  Joy's  design  recalled 
to  his  mind  the  old  box-link,  which  was  used  about  thirty  years  ago 
in  the  Great  Western  locomotives,  and  the  action  of  which  was 
described  in  Clark's  "  Kailway  Machinery."  In  that  case  (Figs.  36 
and  37,  Plate  68),  the  curve  of  the  link  A  was  drawn  to  the  radius 
of  the  valve-rod  link ;  and  in  the  same  way  as  in  Mr.  Joy's  gear, 
the  block  could  be  moved  up  and  down  in  the  link,  when  in  mid-gear, 
without  altering  the  lead  of  the  valve.  The  distribution  in  fact 
was  about  as  perfect  as  Mr.  Joy's.  For  some  reason  or  other 
— principally,  he  believed,  because  of  the  somewhat  complicated 
construction  of  those  links — they  were  abandoned  in  favour  of  the 
ordinary  open  links,  the  curve  of  which  was  drawn  from  the  centre 
of  the  axle,  thus  presenting  their  curvature  in  the  opposite  direction 
to  the  old  box-link. 

There  seemed  however  to  be  an  essential  difference  between  the 
gear  exhibited  and  the  box-link  gear.  In  the  latter  case  it  was  the 
eccentrics  pushing  the  link  backwards  and  forwards  that  did  the  real 
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work  of  moving  the  slide ;  but  in  tlio  gear  now  exliihitod  the  work 
of  moving  the  slide  was  done  from  the  connecting-rod,  which  made 
the  block  mount  up  in  the  slot  J  (Fig.  4),  or  the  reverse.  Of  course 
the  great  resistance  was  that  due  to  the  slide-valve  having  the  pressure 
of  the  steam  on  its  back.  There  were  certain  angles  at  which  the 
slotted  disc  K  might  be  set,  where  the  block  would  have  to  be  pushed 
very  much  up-hill  for  about  a  quarter  or  a  third  of  a  revolution, 
the  lever  pulling  or  pushing  very  much  athwart  the  slot  J,  and  so 
having  great  resistance  to  overcome ;  and  this  resistance  would 
no  doubt  lead  to  wear.  With  the  old  box-link,  although  it  was 
inclined  at  the  same  unfavourable  angles  at  certain  times,  still,  as  the 
eccentrics  w^ere  pushing  the  whole  of  it  bodily  backwards  and 
forwards,  the  oblique  thrust  of  the  block  in  the  link  would  not  be 
felt  in  the  working  of  the  link ;  but  if  the  driver  tried  to  reverse  the 
engine  while  the  link  was  in  that  inclined  position,  it  would  be  very 
hard  work  indeed  to  do  so. 

It  had  been  stated  in  the  discussion  that  the  slotted  disc  and  lever 
might  give  trouble  in  a  marine  engine  in  the  course  of  a  long  voyage, 
partly  on  account  of  the  wear  ;  but  in  fairness  to  Mr.  Joy  it  ought  to 
be  noticed  that  those  were  parts  very  easily  carried  in  duplicate. 
He  saw  nothing  whatever  to  prevent  such  a  simple  thing  as  one  of 
those  slotted  discs  and  the  block  in  it  being  taken  in  duplicate  on 
every  voyage.  If  there  was  any  undue  wear,  the  part  could  then  be 
easily  replaced ;  but  of  course  the  engine  would  have  to  be  stopped 
for  doing  so. 

A  good  deal  had  been  said  in  the  discussion  about  eccentrics. 
Some  engineers  thought  them  disadvantageous  appliances,  and  others 
considered  them  quite  harmless.  He  was  inclined  to  think  no 
mechanic  would  put  in  an  eccentric,  in  order  to  get  reciprocating 
from  circular  motion,  if  he  could  do  without  it.  Eccentrics  were 
comparatively  harmless  where  they  were  small ;  but  where  they  were 
large  they  were  certainly  disadvantageous.  The  distance  traversed 
at  the  rubbing  surfaces  in  each  revolution  was  very  great,  and  the 
wear  was  proportionately  great  and  not  even.  On  looking  at  an 
eccentric  after  it  had  been  some  years  in  wear,  it  would  be  found 
that  on  the  back  half  of  the  sheave  the  tool  marks  were  scarcely  worn 
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off,  whereas  the  front  half,  which  was  the  only  part  that  did  the  work, 
was  considerably  worn ;  and  in  some  cases  the  eccentric  had  to  be 
taken  out  and  re-turned,  in  order  to  restore  the  full  throw.  Then 
again,  when  an  eccentric  after  wear  got  somewhat  slack,  it  was 
always  open  at  the  back  part,  though  touching  at  the  front.  That 
offered  a  large  space  for  dust,  grit  &c.  to  get  in ;  and  this  was 
immediately  carried  round,  and  helped  to  wear  the  front  part  still 
more.  Therefore  he  thought  that  eccentrics  were  things  to  be  used 
only  as  a  last  resource.  That  was  perhaps  the  chief  disadvantage 
of  Mr.  Marshall's  motion  compared  with  Mr.  Joy's ;  the  former  still 
retained  one  eccentric  for  each  engine. 

In  marine  engines  it  frequently  happened  that  three  eccentrics 
were  used  to  each  engine,  two  being  used  for  one  end  of  the  link  and 
one  for  the  other,  making  six  altogether,  all  encumbering  the  shaft, 
and  making  the  bearings  almost  inaccessible.  It  had  been  pointed 
out  by  Mr.  Boyd  that  the  two  ends  of  the  connecting-rod  often 
required  adjustment  to  some  extent,  between  the  beginning  and  the 
end  of  a  voyage,  and  might  therefore  be  very  variable  points.  It  had 
not  been  noticed  that  the  motion-bars  on  the  forward  side  were 
apt  to  wear,  which  would  tend  to  aggravate  any  error  in  the  same 
direction ;  but  he  did  not  quite  see  why  the  link  E,  Fig.  4,  Plate  58, 
should  not  be  made  adjustable  in  length.  If  it  was  a  round  rod 
bellied  out  in  the  middle,  with  a  left-and -right  screw,  its  length 
might  easily  be  adjusted  to  compensate  for  wear  in  the  connecting- 
rod  ends.  He  enquired  whether  he  was  correct  in  thinking  that, 
when  the  sliding-block  was  in  mid-gear,  supposing  the  engine  was 
running  and  had  a  little  way  upon  her,  there  was  enough  admission 
to  keep  her  running,  whichever  way  she  was  going :  so  that  the 
engineer  would  not  be  able  to  stop,  by  the  reversing  handle  alone, 
if  the  load  were  light,  unless  he  pushed  the  slot-disc  over  to  put 
the  steam  on  the  other  side  of  the  piston. 

Engineers  had  all  been  accustomed  to  look  upon  the  link-motion 
with  a  sort  of  veneration,  as  one  of  the  great  improvements  in  the 
locomotive,  which  had  rendered  the  name  of  Mr.  Howe  famous,  and 
which  was  supposed  to  be  a  complete  solution  of  the  question  of 
valve-gears.      They  had  hardly  ever  thought  of  disturbing  that  idea, 
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or  that  it  would  bo  disturbed,  as  it  was  considered  to  bo  one  of  tbof^c 
points  that  were  settled  for  ever.  Mr.  Joy  hi)wevcr  had  shown  that 
it  might  be  improved  upon ;  and  with  regard  to  tramway  engines, 
Mr.  Kitson  had  pointed  out  that,  with  the  dust  and  dirt  they  had  to 
encounter,  eccentrics  and  eccentric  straps  were  absolutely  inadmissible. 
Mr.  Joy  therefore  deserved  great  credit  for  having  brought  forward 
his  new  valve-gear;  and  his  paper  was  one  most  suitable  for 
the  Institution. 

Dr.  C.  W.  Siemens  said  that,  listening  to  the  very  excellent  paper 
which  had  been  brought  before  them,  and  to  the  observations  of  the 
speakers  who  had  taken  part  in  the  discussion,  one  result  seemed  to 
his  mind  to  be  quite  certain,  namely  that  the  link-motion  was 
doomed.  He  must  say  he  did  not  feel  the  same  regret  on  that  score 
which  appeared  to  animate  Mr.  Head.  The  link-motion  had  no 
doubt  been  a  way  out  of  a  difficulty ;  but  it  was  correct  only  within 
very  narrow  limits ;  and  the  moment  those  limits  were  exceeded  it 
did  not  produce  the  expansive  action  desired.  A  motion  had  now 
been  brought  before  them  which  challenged  comparison  with  the  best 
expansive  gear  that  could  be  mentioned.  There  was  a  clean  cut-off; 
the  steam  was  put  on  at  once  in  ample  quantity,  and  the  exhaust  also 
was  opened  promptly  at  the  right  time.  There  was  also  the  means 
of  adjusting  the  action  so  as  to  make  the  up-stroke  and  the  down- 
stroke  perfectly  alike,  which,  as  they  all  knew,  was  not  the  case  with 
the  link-motion.  And,  as  Mr.  Webb  had  beautifully  illustrated  by 
his  locomotive,  the  new  gear  had  the  advantage  of  giving  a  large 
useful  space  on  the  main  shaft  for  increasing  the  length  of  the 
bearings.  These  were  very  important  advantages,  which  Mr.  Joy 
might  claim  for  his  motion.  But  they  had  also  been  put  in  possession 
of  two  other  motions,  which  seemed  to  be  as  perfect  as  Mr.  Joy's. 
Still  they  need  not  regret  that  result.  There  were  points  of  difference 
between  the  gears,  though  they  all  aimed  at  the  same  result,  a  very 
perfect  cut-off  and  a  perfect  mode  of  reversing  the  engine.  The 
object  was  achieved  by  different  mechanical  details,  all  of  which  he 
considered  were  superior,  both  theoretically  and  practically,  to  the  old 
link-motion. 
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With  tlie  criticism  offered  by  Mr.  Boyd,  in  regard  to  a  portion  of 
Mr.  Joy's  motion,  lie  .tlioroughly  agreed.  The  slotted  disc,  which 
was  turned  into  a  different  angular  position,  with  the  slide-block 
grinding  up  and  down  in  the  slot,  was  not  he  thought  a  desirable 
detail ;  and  he  would  recommend  Mr.  Joy  to  do  away  with  it.  He 
observed  it  had  actually  been  done  away  with  in  the  arrangement 
shown  in  Plate  59.  All  the  friction  was  there  reduced  to  the  friction 
on  the  pins,  which  must  be  preferable  to  friction  of  sliding  surfaces. 
With  that  exception  Mr.  Joy's  motion  appeared  to  him  perfect,  and 
one  that  would  no  doubt  receive  the  most  earnest  attention  of 
mechanical  engineers. 

Mr.  E.  Eeynolds  had  not  intended  to  say  anything  on  the 
paper,  but  for  one  expression  used  by  the  author,  that  the  present 
invention  helped  to  show  the  advantage  of  the  patent  laws.  That 
led  him  to  feel  there  was  some  danger  of  being  excluded  by  patent 
rights  from  the  use  of  inventions,  on  account  on  what  appeared  to 
him  to  be  mere  modifications  of  detail.  He  wished  success  to  both 
Mr.  Joy  and  Mr.  Marshall;  but  when  such  small  details  as  the 
substitution  of  Brown's  sling  for  the  slide  of  Hackworth's  gear 
became  the  subject  of  a  separate  patent,  this  danger  seemed  to 
become  real.  Fig.  35,  Plate  68,  showed  an  arrangement  which  he  had 
some  time  back  proposed  to  use  for  a  very  large  steamer,  and  which  he 
thought  might  be  considered  as  the  normal  idea  of  this  class  of 
motions — the  inaccuracy  due  to  the  arc  made  by  the  ends  of  the 
levers  being  eliminated  by  what  would  be  a  parallel  motion  of  the 
simplest  kind,  if  it  were  not  for  the  side  motion  of  the  connecting-rod  ; 
which  was  therefore  correctly  reproduced. 

Another  motion,  to  which  some  allusion  should  be  made,  was 
Hawthorn's,  Fig.  40,  Plate  69.  Since  this  was  first  introduced,  it 
had  been  a  subject  of  interest  with  all  engaged  in  locomotives ;  but 
it  was  imperfect,  being  rather  adapted  for  each  motion  to  work  the 
other  engine  than  to  work  its  own.  When  Hackworth's  gear  was 
brought  out,  all  difficulty  vanished,  because  by  adding  the  slide-block 
the  motion  at  right  angles  to  the  connecting-rod  became  properly 
provided  for,  and  the  whole  thing  was  very  easy.     Then  the  question 
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whether  Mr.  Charles  Brown's  sling  or  the  ordinary  slide  was  used 
was  not  of  much  importance  in  regard  to  the  principle. 

Mr.  F.  C.  Marshall  asked  to  be  allowed  to  say  one  word  in  reference 
to  the  sliding  motion.  There  was  only  one  thing  that  interfered 
with  the  success  of  the  Hackworth  motion,  Fig.  31,  Plate  G8,  of 
which  his  own  motion  and  Mr.  Joy's  were  modifications  :  what  had 
hindered  its  general  success  had  been  the  sliding  motion,  which 
Mr.  Joy  had  now  introduced  into  his  gear.  With  regard  to  the 
eccentric  in  his  own  design,  he  certainly  could  not  feel  any  great 
horror  at  it,  and  he  believed  that,  as  long  as  engineers  used  crank- 
shafts, they  would  not  be  able  altogether  to  dispense  with  eccentrics. 
As  to  the  adjustment  of  the  connecting-rod  ends,  those  who  had  been 
at  sea  ten  or  twenty  days  would  know  that  connecting-rods,  even 
when  made  of  the  best  metal,  got  very  serious  knocks,  and  that 
these  were  communicated  to  everything  connected  with  them,  and 
necessarily  to  the  valve-rods  which  Mr.  Joy  had  introduced.  As  to. 
the  wear  on  the  connecting-rod  pin,  the  pin  as  introduced  into  Mr. 
Joy's  gear  was  somewhat  similar  to  that  used  in  Mr.  Charles  Brown's 
tramway  engine,  upon  which  a  paper  had  been  read  before  the 
Institution  in  January  1880.  That  engine  was  now  running  in 
Newcastle,  and  the  only  difficulty  they  had  with  it  was  with  the  pin 
on  the  connecting-rod. 

The  President  said  the  subject  of  slide-motions  had  been  a 
favourite  one  with  him  since  he  was  an  apprentice.  In  olden  times 
he  had  seen  engines  with  tappet  motions,  but  they  were  not 
satisfactory.  With  the  eccentric  however  everything  was  thought 
to  be  quite  right.  Capt.  Ericsson  had  tried  several  forms  of  motions, 
when  connected  with  the  late  Mr.  John  Braithwaite  in  business  :  one 
favourite  form  was  a  slot  fixed  on  the  end  of  a  rocking  weigh-shaft, 
so  as  to  form  a  T  with  it ;  the  shaft  was  worked  by  an  eccentric,  and 
the  end  of  a  connecting-rod  from  the  slide-rod  was  movable  in  this 
slot,  so  that  the  motion  of  the  slide  was  reversed  by  moving  the 
connecting-rod  end  from  one  side  of  the  axis  to  the  other.  This 
plan  of  course  could  not  be  arranged  to  give  lead  both  ways,  though 
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the  engine  could  well  be  reversed  whilst  in  motion,  without  any 
danger  of  the  end  of  an  eccentric-rod  missing  its  pin  or  getting 
adrift.  He  (the  President)  then  schemed  the  plan  of  using  a  short 
eccentric-rod,  and  moving  it  from  a  pin  fixed  to  a  lever  on  one  side 
of  the  weigh-shaft  to  a  pin  fixed  to  a  lever  on  the  other  side  of  the 
weigh-shaft,  thus  reversing,  and  obtaining  a  certain  fixed  lead  each 
way,  owing  to  the  different  angle  at  which  the  motion  was  taken  off 
the  eccentric. 

The  problem  seemed  to  be  that  of  taking  advantage  in  some  way 
of  the  up  and  down  motion  of  the  piston-rod  for  lead,  and  also  of  the 
side  motion  of  the  connecting-rod,  or  of  the  eccentric,  so  as  to  give 
the  proper  action  for  the  travel  of  the  slide.  He  had  tried  that 
himself  many  years  ago,  but  had  failed.  He  would  not  have  a 
sliding  block  in  a  slot ;  and  he  fancied  that  had  been  the  reason 
why  he  had  failed  to  combine  the  two  motions.  It  had  since  been 
done  much  better  by  Mr.  Joy,  Mr.  C.  Brown,  Mr.  Marshall, 
Mr.  Kitson,  and  Mr.  Walschaert.  Hack  worth's  gear.  Figs.  31  to  34, 
Plate  68,  was  no  doubt  the  origin  of  all  these.  With  Hawthorn's  gear, 
Fig.  40,  Plate  69,  the  vibration  of  the  locomotive  springs  caused 
great  shocks,  and  the  gear  had  knocked  itself  to  pieces.  This  was  in 
consequence  of  the  connection  between  the  valve-lever  and  the  pin  in 
the  main  connecting-rod  being  made  by  a  large  and  heavy  frame, 
with  a  long  slot  in  it  the  full  length  of  the  stroke,  instead  of  by  a 
light  connecting-rod.  In  the  way  in  which  Mr.  Joy  had  arranged  it, 
it  would  be  observed  there  were  two  plans.  One  was  that  of  a  slide 
which  was  constantly  in  motion  within  a  slot,  in  contradistinction  to 
the  small  motion  of  the  slide-block  in  the  link-motion.  These  were 
very  different  things :  one  was  a  constant  wear,  and  the  other  a 
small  local  wear  at  either  end  of  the  link.  This  was  avoided  in  some 
marine  engines,  where  the  link  was  thrown  right  over  and  rested 
against  the  block,  so  that  the  block  did  not  move  in  it  except 
when  reversing.  In  the  locomotive  there  was  a  little  motion  of 
the  slide-block  in  the  link,  which  caused  the  end  of  the  link  to 
wear  very  much,  and  it  was  not  long  before  the  size  of  the  whole 
link  had  to  be  increased.  The  other  plan  of  Mr.  Joy's  seemed 
entirely  to  cure  that  evil ;  it  was  shown  in  the  model  exhibited.    The 
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vibrating  link  or  radius-rod,  wliicli  hero  gave  the  inclined  motion, 
entirely  avoided  the  sliding-bloek  ;  there  was  no  slot,  and  tlie  centre 
merely  moved  backwards  and  forwards  with  the  link.  Then  there 
was  another  slight  inconvenience  in  any  attachment  to  the  connecting- 
rod  in  a  marine  engine,  as  a  considerable  space  was  thereby  always 
occupied,  and  the  engineer  could  not  therefore  so  safely  get  at  his 
engine,  particularly  at  the  main  connecting-rod  end,  which  was 
always  one  of  his  chief  anxieties.  He  thought  that  was  objectionable, 
and  in  Mr.  Marshall's  gear  it  seemed  really  to  be  avoided.  The 
same  result  was  also  seen  in  Mr.  Charles  Brown's  tramway  engine, 
Fig.  39,  Plate  69.  So  that  they  seemed  to  have  five  different  motions, 
all  founded  on  the  original  Hackworth  motion,  and  all  of  which  had 
some  advantages  in  one  direction  or  another. 

One  of  the  greatest  advantages  from  a  practical  point  of  view, 
which  Mr.  Webb  expected  to  attain,  was  that  he  could  get  ample 
room  for  bearings  on  his  crank- shaft;  and  that  was  a  good  thing. 
If  any  one  of  the  valve-motions  would  give  that  one  advantage,  it 
was  worth  having,  even  if  the  motion  was  only  as  good  as  the 
common  link-motion :  but  he  thought  it  was  better.  The  motion 
of  the  valve  was  better  in  the  cut-off  and  in  the  exhaust,  although 
some  portion  of  the  advantage  in  liaving  a  small  amount  of  compression 
was  not  due  to  that  motion,  but  was  due  to  the  early  exhaust ;  and 
the  Trick  valve  also  gave  a  large  amount  of  admission  of  steam, 
when  the  valve  first  began  to  open.  Mr.  Webb's  indicator  diagram 
clearly  showed  this.  By  that  means  the  cylinder  was  got  clear 
of  steam,  and  there  was  a  very  good  back  or  exhaust  line, 
and  a  small  amount  of  compression.  That  was  done  by  cutting 
out  the  inside  of  the  slide.  It  was  not  universally  known  that 
by  cutting  out  the  inside  of  the  slide  the  compression  was 
materially  reduced,  the  bottom  line  of  the  indicator  diagram  was 
improved,  and  only  a  trifle  was  lost  at  the  end  of  the  stroke  from  the 
earlier  exhaust.  So  again  in  Mr.  Marshall's  diagrams,  which  were 
excellent,  a  little  of  the  pressure  at  the  end  of  the  stroke  was  lost 
by  the  earlier  exhaust ;  but  what  was  there  lost  was  far  more  than 
made  up  in  the  improvement  of  the  bottom  line  in  the  indicator 
diagram,  and  there  was  a  very  small  compression. 
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Mr.  Joy,  in  reply,  said  he  feared  tlie  paper  had  already  occupied 
more  than  its  fair  share  of  the  time  of  the  meeting,  and  he  would 
therefore  endeavour  to  be  as  concise  in  his  answers  as  possible  ;  but 
if  any  question  were  thus  left  unanswered,  it  was  not  because  he  had 
no  answer  for  it,  as  he  was  fully  prepared  for  every  criticism  which 
had  been  brought  forward.  He  was  partially  prepared,  but  only 
partially,  for  the  observations  made  by  Mr.  Marshall,  who  had  kindly 
given  him  a  copy  of  his  indicator  diagrams,  but  not  in  time  for  a 
study  of  them ;  they  were  certainly  very  perfect.  Mr.  Marshall's 
gear  however  went  only  half  way  towards  improving  the  link  gear, 
and  getting  the  engine  into  as  short  and  smart  a  form  as  it  ought  to 
possess.  In  that  gear  the  valves  were  put  in  at  an  angle ;  and  that 
was  an  element  which  he  himself  maintained  was  wrong,  and  would 
make  the  engine  costly.  He  had  seen  the  engines  of  this  type,  built 
by  Kichardson  at  Hartlepool,  and  understood  that  they  were 
troublesome  to  build  from  that  cause.  Only  one  of  the  eccentrics 
was  removed,  and  the  other  was  left,  still  cumbering  the  crank-shaft. 
The  arrangement  also  was  not  well  suited  for  any  other  class  of 
engine  than  that  for  which  it  was  shown ;  and  for  locomotives  and 
that  class  of  engines  it  was  entirely  unsuitable,  as  was  Hackworth's : 
while  his  own  gear  described  in  the  paper  was  designed  to  suit  every 
type  or  condition  into  which  a  steam  engine  could  be  put,  allowing 
in  every  case  a  better  and  more  compact  arrangement  than  could  be 
obtained  with  the  link  motion. 

Again,  the  engine-room  was  not  shortened ;  and  he  maintained 
that  there  was  an  advantage  in  shortening  the  engine  and  the  engine- 
room.  The  navy  was  now  pressing  them  to  put  their  engines  into 
the  smallest  possible  space.  As  for  the  condenser  being  the  limit  of 
the  length  of  the  engine,  that  was  not  so :  if  the  condenser  was  too 
long,  it  was  easy  to  shorten  it  and  widen  it ;  there  was  plenty  of 
room  for  that  on  board  ship  in  the  direction  of  the  width  of  the 
ship,  where  there  was  always  plenty  of  vacant  space.  With 
regard  to  the  number  of  parts,  he  might  remind  them  that  in  Mr. 
Marshall's  gear  there  was  an  eccentric  running  upon  a  shaft,  as 
against  four  little  pins  in  his  own  gear;  and  it  should  be  remembered 
that  the  links  B  C,  Fig.  4,  Plate  58,  were  only  doing  about  one-sixth 
of  the  work  of  the  eccentrics,  as  Mr.  Webb  had  shown.    With  rej^ard 
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to  tlio  port,  he  confessed  he  could  not  see  how  Mr.  Marsliall  got  his 
perfect  diagram,  except  by  a  special  device,  to  wliich  he  would  refer 
presently.  The  long  valve-rod  link,  which  had  been  spoken  of 
as  an  advantage,  he  maintained  must  be  a  disadvantage,  because 
the  arc  in  which  it  vibrated  was  not  equal  to  that  in  which  the 
eccentric-rod  end  vibrated ;  and  these  arcs  crossing  each  other  must 
produce  error.  In  his  own  gear  these  two  arcs  were  made  equal,  and 
so  corrected  each  other.  There  was  also  an  uncorrected  arc  formed 
by  the  obliquity  or  vibration  of  the  eccentric  rod  acting  as  a  lever ; 
and  this  would  produce  unequal  vibration  of  its  suspended  end,  and 
therefore  inequality  in  the  opening  of  the  ports  :  the  former  error,  he 
believed,  having  the  same  tendency.  From  the  drawing  however  he 
gathered  that  these  errors  were  corrected  by  the  valve  having  a  long 
lip  at  the  top  end  and  a  port  formed  in  it,  Fig.  25,  Plate  65,  so 
making  a  double  port  for  admission  at  the  top  end  of  the  valve,  with 
a  single  port  at  the  bottom;  and  this  appeared  really  to  be  Mr. 
Marshall's  j^oint  of  improvement,  and  not  the  gear  at  all.  With 
regard  to  the  further  remark  that  all  these  valve-motions  were 
modifications  of  Hackworth's  old  gear,  he  could  not  agree  that  his 
own  was  so,  as  it  had  arisen  out  of  an  endeavour  to  design  a  valve- 
motion  taken  from  the  air-pump  lever  and  combined  with  a  transverse 
action  from  the  vibration  of  the  connecting-rod ;  and  in  this  form  he 
had  drawn  it  out  at  first.  In  its  present  form  the  link  or  lever  B, 
Figs.  7  and  8,  Plate  59,  now  took  the  place  of  the  air-pumj}  lever. 

He  was  much  obliged  to  Mr.  Webb  for  the  very  prompt  and,  he 
thought,  far-seeing  way  in  which  he  had  taken  up  the  idea,  for  the 
exhaustive  analysis  to  which  he  had  subjected  it,  and  finally  for  the 
very  perfect  and  practical  way  in  which  he  had  carried  it  out.  He 
thought  that  this  was  perfectly  in  accordance  with  the  spirit  of  the 
Address  of  the  President,  where  he  said  that  if  they  were  to  keep 
foreigners  out  of  the  market,  Englishmen  ought  to  take  hold  of  new 
things,  sift  them  to  the  bottom,  and,  if  they  were  good,  carry  them 
out.  This  was  precisely  what  Mr.  Webb  had  done ;  and  it  behoved 
all  English  engineers  to  follow  the  same  bold  and  prescient  policy, 
if  they  were  to  hold  their  o^vn  as  the  leading  engineers  of  the  world. 

Mr.  Humphrys  had  gone  into  the  matter  most  thoroughly,  and 
could  therefore  speak  with  authority ;  he  had  also  told  off  the  best 
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talent  of  tlie  Barrow  Shipbuilding  company's  staff  to  analyse  and 
then  work  out  the  question.  After  he  (Mr.  Joy)  had  given  all  the 
ideas  he  could  to  the  draughtsman,  the  designs  were  put  in  hand  and 
carried  out  without  any  interference  on  his  own  part ;  therefore  the 
result  as  stated  by  Mr.  Humphrys  might  be  relied  on  and  accepted 
as  satisfactory.  He  regretted  however  that  he  must  differ  from  Mr. 
Humphrys  when  he  said  that  he  did  not  attach  so  much  importance 
to  the  exact  and  equal  distribution  of  steam  for  compound  marine 
engines,  but  that  it  was  very  good  for  locomotives ;  and  so  it  was. 
But  whatever  was  good  for  a  locomotive,  with  high-pressure  steam, 
was  good  also  for  a  marine  engine,  which  was  now  approaching  the 
higher  pressure  of  the  locomotive.  If '''perfection  of  distribution 
were  good  for  the  one,  then  it  should  also  be  good  for  the  other, 
especially  when  obtainable  at  even  a  lower  cost  than  the  present 
tolerated  imperfection.  Marine  engines  were  already  working  up 
to  pressures  of  90  lbs.,  and  he  had  been  asked  in  London  about  some 
ships  in  which  100  lbs.  pressure  would  be  required.  He  was  quite 
certain  they  would  reach  150  lbs.  before  long.  He  fully  agreed  with 
Mr.  Humphrys  however  that  the  greatest  difficulty  in  the  way  of 
the  introduction  of  improvements  lay  in  the  conservatism  of  the 
shipowners  and  their  advisers,  who  were  usually  cautious  to  a  fault. 
No  doubt  this  caution  often  saved  them  from  making  mistakes; 
but  it  often  delayed  the  advance  of  improvement. 

A  great  deal  of  what  Mr.  Boyd  had  said  had  been  answered  by 
Mr.  Webb  and  by  Mr.  Humphrys ;  but  there  was  one  point  which 
Mr.  Boyd  had  made  a  great  deal  of,  namely  the  plunging  and 
knocking  of  the  connecting-rod  at  sea.  He  had  been  at  sea  himself, 
and  knew  all  about  that.  It  was  true  that  he  took  his  point  of  force 
from  the  connecting-rod,  but  in  the  first  place  he  took  it  half  way 
along  the  connecting-rod,  and  in  the  second  place  he  took  it  through 
the  link  B,  Figs.  7  and  8,  Plate  59,  and  at  each  step  by  reduced 
leverages,  thus  reducing  the  knock  or  looseness  that  might  have 
been  imparted  by  the  connecting-rod.  By  attaching  the  lever  E  to 
the  link  B  at  the  point  D,  the  distance  travelled  by  the  valve-rod 
pin  was  only  one-tenth  of  the  distance  travelled  by  the  pin  D.  If 
there  was  a  quarter  of  an  inch  knock  in  the  connecting-rod  (an 
amount  impossible    to  be  allowed),  and  so  a   quarter   of  an    inch 
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looseness  at  the  pin  D,  there  would  be  only  onc-tentli  as  mueli  at 
the  other  end  of  the  lever  E,  or  ■:^-^y  in.  at  the  valve,  an  utterly- 
inappreciable  amount.  The  practice  of  locomotive  engineers  was  to 
put  interchangeable  bushes  and  .pins  in  all  the  wearing  parts.  These 
were  out  of  the  control  of  the  workmen;  and  when  any  of  the 
interchangeable  bushes  or  pins  failed  or  gave  way,  they  had  not  now 
to  set  a  man  fitting  two  brasses  and  getting  them  exactly  alike,  but 
tliey  took  out  one  pin  or  bush  and  put  in  another.  It  had  been 
stated  by  Mr.  Webb  that  a  locomotive  engine  would  run  eighteen 
months  or  two  years  without  being  touched  ;  and  yet  it  was  said 
that  in  the  course  of  the  ten  days  required  to  cross  the  Atlantic 
a  connecting-rod  must  be  ^  much  knocked  about  as  to  interfere  with 
the  correctness  of  this  valve-motion.  With  regard  to  the  action  of 
the  compensating  links  B  and  C,  and  the  "  wobbling  "  of  that  part 
of  the  gear,  spoken  of  by  Mr.  Boyd,  that  action  was  much  worse  in 
the  ordinary  air-pump  lever  gear,  where  the  coupling  links  had  two 
vibrations  for  every  revolution  ;  while  in  this  motion  the  vibrating 
and  radius  links  B  and  C  had  only  one  movement  for  every 
resolution,  and  indeed  during  half  the  revolution  the  radius-rod  C 
was  absolutely  at  rest,  moving  only  when  it  had  to  correct  the  curve 
of  the  arc  in  the  return  stroke  of  the  connecting-rod. 

Mr.  Eobinson  was  one  of  their  highest  authorities ;  but  he  could 
not  help  differing  from  him  in  his  idea  that  tliere  would  be  a  great 
deal  of  wear  and  tear  from  the  sliding  of  the  block  in  the  curved  slot 
J,  Fig.  4,  Plate  58.  That  there  would  not  be  that  wear  and  tear  had 
been  pretty  clearly  proved  by  Mr.  Webb,  who  had  had  his  engine 
tested  for  a  breakdown  to  see  what  part  would  fail  first ;  but  he  could 
not  hear  that  anything  had  failed  as  yet,  and  the  workmen  had  said 
that  they  had  never  had  a  bearing  hot,  or  a  pin  to  take  out.  However 
he  only  proposed  to  introduce  this  slot  where  it  would  suit  the 
arrangement  best — say  for  locomotives,  traction-engines,  steam- 
ploughs,  and  so  on,  and  where  simplicity  and  cheapness  were  of  the 
first  importance.  The  moment  he  came  to  a  large  engine,  he  put  in 
the  gear  shown  in  Figs.  7  and  8,  and  had  a  double  radius-link  L, 
one  on  each  side.  Then  all  the  motion  was  in  the  same  plane ;  there 
were  equal  bearings  and  equal  strains  on  both  sides  of  the  connecting- 
rod,  and  all  the  parts  were  got  in  a  straight  line.     That  could  not  be 
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done  witli  an  eccentric  and  link  gear,  because  it  would  be  necessary 
to  put  two  eccentrics  in  the  same  place,  which  was  imj)ossible. 

With  regard  to  the  wear  upon  the  sliding  block  however,  he 
would  draw  attention  to  this  fact :  that  even  if  it  were  considerable,  it 
was  not  at  all  equal,  as  Mr.  Webb  had  shown,  to  the  enormous  wear 
upon  the  eccentrics,  which  had  four  times  the  area  exposed  to  wear. 
He  could  give  as  much  bearing  surface  in  the  slot,  without  making 
it  unsightly,  as  there  was  upon  the  slide-bars  of  the  piston-rod 
cross-head.  And  there  was  never  any  trouble  with  slide-bars  properly 
constructed  and  properly  attended  to,  and  no  one  ever  dreamed  of 
carrying  a  cross-head  on  radius-links ;  yet  the  slide-bars  had 
enormously  more  work  to  do  than  the  inclined  slot  in  this  motion, 
and  as  they  stood  wear  so  should  this.  Further,  for  this  part  of  the 
motion  there  was  an  exact  precedent,  which  had  stood  the  test  of 
years  of  working,  in  the  transmission  of  the  power  for  working  the 
valves  of  oscillating  marine  engines,  which  were  often  of  very  large 
size ;  there  the  action  of  the  eccentrics  was  transmitted  through  a 
sliding  frame  having  curved  slots,  in  which  slid  the  blocks  hung  on 
the  ends  of  the  levers  working  the  valves  :  the  only  difference  between 
the  two  cases  was  that  for  the  above  gear  all  the  sliding  blocks  were 
carried  on  overhung  pins,  while  in  his  ow;n  gear  the  sliding  block 
was  double-borne  by  a  pin  at  each  side. 

With  regard  to  the  facility  with  which  the  engine  could 
be  reversed;  he  had  found  some  years  ago,  when  he  was  a  locomotive 
superintendent,  that  he  could  not  himself  reverse  an  18-in.  cylinder 
engine ;  but  reversing  the  new  18-in.  engine  was  as  easy  as  possible. 
The  reversing  of  a  link-gear  engine  was  done  by  drawing  the  link- 
block  down  against  the  friction  in  the  link ;  and  when  the  angle  was 
unfavourable,  this  was  considerable ;  but  in  the  present  case  the  only 
force  required  was  that  necessary  to  pull  over  the  lever  and  draw  the 
valve  along  in  a  straight  line. 

Mr.  Reynolds,  after  he  had  been  shown  the  present  plan,  had 
sent  him  copies  of  his  own,  and  said  that  a  firm  of  engineers  had 
suggested  it  should  be  used  ;  but  it  had  not  been  used  by  Mr.  Reynolds 
himself  or  by  others  ;  and  in  that  case,  as  the  design  had  not  been 
introduced  and  brought  out,  it  was  open  to  any  one  else  to  introduce 
it  afterwards.    In  the  paj)er  it  was  stated  that  the  first  drawing  of  his 

2   M 
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owii  gear  was  made  in  18G8,  before  the  designs  of  Mr.  Charles 
Brown  of  Winterthur,  M.  Walseliaert,  or  any  of  tlie  other  inventors  ; 
and  that  it  was  laid  by,  and  was  afterwards  taken  up  again.  It  would 
be  observed  that  Mr.  Brown's  idea,  Fig.  39,  Plate  GO,  was  obviously 
a  different  one  from  his  own :  it  aimed  at  the  movement  of  a  tappet- 
valve,  with  a  very  small  lift,  and  a  very  slight  action.  His  own  gear 
was  intended  for  marine  engines,  and  he  knew  that  it  must  have  large 
wearing  surfaces  and  great  length  of  stroke.  He  believed  the  reason 
why  Hackworth's  gear,  Figs.- 31  to  34,  Plate  68,  had  not  succeeded  had 
been  that  it  had  only  5-in.  or  6-in.  stroke  in  the  slide,  and  had 
therefore  a  very  excessive  angle  to  work  against,  and  not  a  slight 
angle  as  in  his  own  gear:  so  that  it  was  constantly  working 
excessively  up-hill.  The  difficulty  was  that  all  the  motion  due  to 
opening  the  port  was  given  by  that  incline,  which  was  of  very  small 
length,  and  therefore  it  had  to  be  set  at  a  very  steep  angle.  The 
corresponding  angle  in  his  own  gear  for  a  full  port  was  only  8^  or  9°, 
but  he  believed  Mr.  Hackworth's  had  been  about  30°.  With  regard 
to  the  wear  in  the  slot,  it  would  be  no  more  than  there  was  in  the 
present  link-block.  But  in  his  own  gear  it  was  all  an  even  wear 
from  end  to  end  ;  so  that  when  it  got  to  knock  a  little,  it  would  be 
even  all  over,  and  a  new  block  would  remedy  the  evil.  In  a  link- 
gear  the  wear  was  uneven,  all  at  one  place  and  none  at  another ; 
so  that  there  was  often  a  little  hollow  in  the  link,  say  3  inches  long, 
and  this  necessitated  reducing  the  whole  surface  of  the  link.  Mr. 
Head  had  pointed  out  quite  correctly  that  at  certain  angles  the 
sliding  block  would  be  pulled  or  pushed  somewhat  athwart  the  slot, 
which  would  no  doubt  lead  to  wear.  That  wear  would  be  at  once 
eq[ualised  by  putting  in  new  blocks. 

Before  he  concluded  he  wished  to  thank  all  the  gentlemen  who 
had  kindly  assisted  him  both  by  their  criticism  and  by  their  direct 
assistance ;  and  he  desired  also  to  thank  the  members  for  the  kind 
way  in  which  they  had  received  his  paper,  and  the  fair  manner  in 
which  they  had  discussed  it. 

The  President  moved  a  vote  of  thanks  to  Mr.  Joy  for  his 
valuable  paper,  which  was  carried  by  acclamation. 


The  following  paper  was  then  read  : 
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ON  A  STAND AED  GAUGE  FOR  HIGH  PRESSUEES. 


By  M.  GEORGE  MARIE,  of  Pauis. 


Machines  worked  by  water  at  a  high  pressure  have  recently 
come  into  extensive  use.  The  admirable  hydraulic  cranes  of  Sir 
William  Armstrong,  used  in  goods  stations  and  elsewhere,  are 
familiar  to  everybody.  Mr.  Tweddell  also  employs  a  high  pressure 
of  water  in  his  well-known  hydraulic  riveters  and  other  tools.  The 
naval  departments  of  several  countries  have  built  small  torpedo 
boats,  running  under  the  sea,  and  worked  by  highly-compressed  air. 
Lastly,  the  use  of  testing  machines  becomes  more  and  more  general, 
and  these  machines  generally  work  with  water  at  high  pressure. 

Looking  to  these  many  applications  of  water  or  air,  working  at  a 
high  pressure,  it  appears  very  desirable  to  discover  a  thoroughly 
good  pressure-gauge  or  manometer,  capable  of  measuring  high 
pressures  with  sufficient  precision. 

Metallic  gauges. — The  most  convenient  apparatus  for  this  purpose 
is  undoubtedly  the  ordinary  metallic  pressui-e-gauge ;  it  works  fairly 
well  at  the  lowest  and  at  the  highest  pressures,  say  up  to  1000 
atmospheres  if  necessary.  But  this  system  has  a  very  serious  defect : 
its  graduation  cannot  be  fixed  by  the  aid  of  calculation  alone ;  it  is  only 
a  comparative  instrument,  and  its  graduation  must  be  fixed  by 
comparing  it  with  some  other  sort  of  manometer,  which  can  be 
graduated  by  calculation. 

From  0  to  about  30  atmospheres,  it  is  easy  to  employ  for  this 
purpose  the  open-tube  manometer,  which  gives  with  the  greatest 
precision  the  exact  measure  of  the  pressure,  by  the  height  of  the  column 
of  mercury  which  it  supports.  But  when  the  pressure  is  higher  than 
30  atmospheres,  it  is  difficult  to  arrange  an  open-tube  manometer. 
Messrs.    Cailletet    and    Amagat    however    made    in    1879    several 
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instruments  of  this  kind  working  from  0  to  400  atmospheres  ;  but 
tlio  apparatus  is  very  delicate  and  expensive,  and  experiments  can 
only  be  made  in  a  mining  shaft,  because  it  is  necessary  to  have  a 
vortical  tube  200  or  300  yards  in  length,  filled  with  mercury.  This 
apparatus  may  be  emi)loyed  for  scientific  i)urposes,  but  it  is  not  a 
practical  instrument  for  mechanical  use. 

Standard  gauges,  various  types. — The  Lyons  Eailway  Company 
has  for  several  years  been  seeking  for  a  standard  gauge,  giving 
simply  the  exact  measure  of  high  pressures,  and  at  the  same  time 
convenient  for  the  graduation  of  metallic  gauges;  the  method 
of  graduation  for  this  purpose  must  be  simple  and  rapid,  because 
the  gauges  ought  often  to  be  compared  with  the  standard  gauge. 
Many  types  of  standard  gauge  have  been  tried  without  success. 

Compressed-air  manometers  are  too  delicate  in  construction,  and 
their  indications  are  not  reliable  at  high  pressures,  because  they 
assume  that  the  volume  of  air  decreases  proportionately  to  the 
increase  of  pressure,  whereas  the  last  experiments  of  M.  Cailletet 
show  that  this  law  is  far  from  being  true  at  high  pressures. 
Gauges  with  differential  pistons  have  also  been  tried ;  but  in 
these  the  resistance  and  friction  of  the  membranes  always  produce 
important  errors.  Both  these  types  have  been  employed  by  the 
makers  of  metallic  gauges;  but  their  results  have  always  been 
unsatisfactory,  as  is  easily  seen  by  comparing  the  graduation  of 
metallic  gauges  coming  from  different  makers  in  England,  America, 
Germany,  and  France.  It  will  be  found  that  their  indications  are 
quite  different  at  high  pressures. 

The  Lyons  Company  has  tried  another  system,  which  has  been 
often  employed  by  gauge  makers.  In  this  the  graduation  of  the 
metallic  gauge  is  made  by  the  aid  of  a  loaded  valve,  Fig.  1,  Plate  70, 
similar  to  the  safety-valve  of  a  boiler.  The  water  reaches  the  under 
side  of  the  valve  through  a  pipe  A,  which  is  in  communication  with 
the  metallic  gauge  to  be  graduated.  If  the  pressure  of  the  water 
increases  slowly,  the  valve  will  open  when  the  pressure  equals  the 
total  load  on  the  valve,  divided  by  the  area  on  which  the  water  acts. 
At  that  moment,  the  position  of  the  needle  of  the  metallic  gauge  is 
noted ;  and  this  gives  the  graduation  for  that  particular  pressure  on 
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that  particular  apparatus.  If  several  experiments  are  made  with 
different  weights  on  the  valve,  a  complete  graduation  of  the  metallic 
gauge  can  theoretically  be  obtained. 

In  practice,  the  results  of  this  system  are  very  bad.  If  several 
trials  are  made  with  the  same  weight  W  on  the  valve,  the  valve  will 
open  at  different  positions  of  the  needle  on  the  metallic  gauge. 
This  result  can  be  easily  explained.  When  the  water  is  under  no 
pressure,  the  weight  W  exerts  a  certain  pressure  on  the  edge  of  the 
valve :  let  S  be  the  area  of  the  valve  out  to  out,  s  the  area  of  the 
opening ;  then  the  metallic  surface  in  contact  at  the  edge  of  the 
valve-seat  is  S  —  s.  In  practice,  with  high  pressures,  S  must  be 
almost  double  of  s,  otherwise  the  edge  of  the  valve-seat  will 
be  broken,  when  the  valve  falls  on  its  seat.  In  any  case  it  is 
necessary  to  use  a  very  good  and  hard  metal  for  the  valve  and  for 
its  seat.  Now  as  the  pressure  below  the  valve  increases,  and  when 
the  valve  is  not  far  from  being  lifted,  the  pressure  on  the  surface 
in  contact  becomes  very  small;  then  a  slight  leakage  of  water 
generally  takes  place  under  the  valve,  and  the  water  begins  to  exert 
its  pressure  on  a  surface  larger  than  the  area  s  of  the  opening.  At 
that  moment  the  surface  under  the  action  of  the  water  is  somewhere 
between  the  two  areas  s  and  S ;  but,  as  already  mentioned,  one  of 
these  must  be  about  twice  as  large  as  the  other ;  thus  the  possible 
error  in  the  measurement  is  not  far  from  100  per  cent. 

With  lower  pressures  the  error  would  be  much  smaller ;  but  in 
that  case  the  use  of  the  valve  is  needless,  because  open-tube 
manometers  can  be  employed. 

The  Lyons  Company  tried  another  valve  of  a  conical  form,  Fig.  2, 
Plate  70,  but  found  it  no  better  than  the  preceding  one.  A  spherical 
valve  has  also  been  tried.  Fig.  3,  the  sphere  being  made  of  very 
hard  agate,  and  the  seat  of  hard  steel ;  but  the  results  were  quite  as 
bad  as  in  the  other  instances. 

Description  of  the  Author's  system. — The  Author  has  now  given 
a  brief  description  of  the  best  systems  which  have  been  tried  for  the 
graduation  of  metallic  gauges.  The  open-tube  manometer  is  the 
only  one   giving  an  exact  measure  of  pressure,  and  we  have  seen 
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thnt  its  application  is  not  practical  with  liigli  pressures.  About 
the  end  of  1879  the  author  made  trial  of  a  now  system  which  has 
given  the  best  results ;  it  consists  in  tlie  use  of  a  perfectly  cylindrical 
piston  C  of  liard  steel,  moving  in  a  bore  also  perfectly  cylindrical,* 
within  a  casting  B,  Fig.  4,  Plate  70.  The  water  under  pressure  lias 
access  to  the  under  side  of  the  piston  through  a  pipe  A ;  a  lateral 
opening  and  another  pipe  afford  communication  with  the  metallic 
gauge  G,  which  is  to  be  graduated.  The  piston  C  of  course  rises  as 
soon  as  the  pressure  of  water  on  its  under  surface  exceeds  the 
weight  with  which  it  is  loaded,  and  the  position  of  the  needle  at 
that  moment  gives  the  graduation  of  the  gauge  for  that  pressure, 
as  before. 

The  piston  moves  in  the  bore  with  very  slight  friction,  so  slight 
that  the  piston  falls  by  its  own  weight  when  there  is  no  pressure 
below  it.  Nevertheless  the  leakage  is  less  than  1  cubic  centimetre 
(0'06  cub.  in.)  per  second,  at  a  pressure  of  200  atmospheres. 
The  upper  part  of  the  piston  is  fixed  into  a  metallic  lid  D,  which 
supports  the  weight  W  when  the  piston  is  at  rest.  It  is  important 
to  remark  that  this  lid  D  has  not  to  prevent  the  leakage  of  water. 
The  small  drops  of  water  leaking  between  the  piston  and  the  bore 
have  a  free  discharge  under  the  lid,  through  the  openings  E ;  without 
these  openings  the  apparatus  would  be  no  better  than  the  ordinary 
valves. 

It  is  necessary  to  lubricate  the  piston  with  good  oil ;  the  water 
carries  off  a  large  part  of  this  oil,  but  a  small  quantity  stays  on  the 
metal,  and  makes  the  friction  less.  The  piston  and  casting  B  are 
made  of  steel  as  hard  as  possible,  but  not  hardened.  Practically 
the  apparatus  works  very  smoothly,  and  if  the  same  experiment  is 
made  several  times  over,  the  piston  always  moves  exactly  with  the 
same  position  of  the  needle  on  the  metallic  gauge. 

This  particular  instrument  has  been  at  work  since  December 
1879.  The  piston  has  a  diameter  of  15  millimetres  (0*59  in.),  and 
it  works  from  0  to  200  atmospheres.  The  pressure  is  given  by 
means  of  an  accumulator  between  0  and  50  atmospheres,  and  by  means 

*  A  piston  of  the  same  kind  has  been  long  employed  for  measuring  the 
pressure  of  powder  gases  in  the  bore  of  guns. 
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of  a  Thomasset's  high-pressure  compressor  between  50  and  200 
atmosj)heres.  The  same  instrument  would  work  easily  at  a  pressure 
higher  than  200  atmospheres,  but  tliere  is  no  machine  giving  such 
high  pressures  in  the  works  of  the  Lyons  Railway. 

In  practice,  instead  of  a  dead  weight  W,  the  piston  is  loaded 
by  a  graduated  lever  on  which  runs  a  moving  weight,  as  shown  in 
the  general  arrangement,  Fig.  5,  Plate  71.  Instead  of  using  the  lid 
D,  Fig.  4,  the  lever  itself  is  supported  at  its  extremity,  Fig.  5,  and 
cannot  descend  lower  than  its  horizontal  position  ;  and  the  piston, 
being  held  up  in  contact  with  the  lever  by  suspending  springs, 
cannot  sink  low^er  into  the  bore  when  the  water  pressure  ceases  to 
act  upon  it.  An  electric  bell  gives  notice  of  the  lifting  of  the  piston  : 
the  pressure  of  water  is  increased  very  slowly,  and  when  the  bell 
rings,  the  observer  has  to  mark  the  position  of  the  needle  of  the 
metallic  gauge  at  that  moment.  The  whole  apparatus  has  been 
made  in  the  works  of  the  Lyons  Company. 

Objections  to  the  Author  s  system. — Many  objections  have  been 
urged  against  the  system  described.  On  these  the  Author  has  made  a 
complete  report,  in  which  their  influence  is  carefully  calculated. 
This  report  is  added  in  the  Appendix;  the  Author  will  here  give 
only  the  results  of  his  calculations,  divided  under  the  different  sources 
of  error  which  arise. 

1.  The  pressure  of  water  under  the  piston  is  somewhat  diminished 
by  the  leakage  past  the  piston.  This  would  naturally  be  looked 
upon  as  a  very  large  error,  but  in  reality  it  is  very  small;  its 
calculated  value  is  only  ^^qoooo  ' 

2.  The  lateral  opening  to  the  metallic  gauge  is  made  at  a  point 
where  the  water,  instead  of  being  in  statical  equilibrium,  has  a 
certain  velocity ;  this  produces  a  proportional  error,  which  is  different 
from  No.  1 ;  but  its  value  is  only  foQQ  qqo  qqo  • 

3.  The  leakage  water  exerts  a  certain  amount  of  friction 
between  the  piston  and  the  bore ;  this  friction  gives  a  proportional 
error,  which  is  smaller  than  -yi^' 

4.  The  diameter  of  the  bore  has  been  measured  with  an  instrument 
accurate  to  -^^  millimetre  (0'002  in.);  this  inaccuracy  may  give 
a  proportional  error  of  y^. 
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5.  The  diameter  of  the  bore  alters  with  the  temperature  of  the 
■water;  this  may  give  a  proportional  error  of  n-mA- 

G.  This  objection  is  the  most  imj)ortant ;  it  concerns  the  effect 
of  the  metallic  friction  between  the  piston  and  the  bore.  The  Author 
has  already  stated  that  the  piston  can  move  in  the  bore  without 
sensible  friction  when  the  water  has  no  pressure ;  but  when  the 
pressure  is  on,  a  little  dirt  may  find  its  way  between  the  jiiston  and 
the  bore,  and  cause  an  amount  of  friction  which  may  be  considerable 
in  some  cases.  This  metallic  friction  is  quite  different  from  the 
friction  of  the  water  between  the  piston  and  the  bore,  the  value  of 
which  is  y^^,  as  mentioned  in  No.  3. 

It  is  impossible  to  estimate  by  figures  the  friction  of  dirt  in  such 
circumstances,  but  it  is  easy  to  eliminate  the  error  arising  from  this 
source.  In  order  to  eliminate  this  error  the  Author  makes  two 
measurements  for  each  value  of  the  weight  upon  the  piston.  The  first 
of  these  is  made  with  the  pressure  increasing.  In  this  case  let  M,  Fig.  5, 
Plate  71,  be  the  position  of  the  needle  when  the  piston  begins  to  move  ; 
the  levers  being  arranged  so  as  to  give  the  piston  a  very  small  stroke, 
say  about  one  millimetre  (0*04  in.).  Then,  after  the  piston  has  moved, 
it  remains  in  its  highest  position,  1  mm.  higher  than  the  lower  position 
from  which  it  started.  After  a  few  seconds  the  flow  of  water  must  be 
stopped  by  closing  a  stop-cock  in  the  pipe  A.  Then  the  pressure 
deci'eases  slowly  under  the  influence  of  the  leakage  around  the 
piston,  and  after  a  few  seconds  the  piston  drops.  Let  N  be  the 
position  of  the  needle  when  the  piston  drops  ;  then  the  middle  point 
P,  between  M  and  N,  is  the  correct  point  of  graduation.  This 
can  be  shown  as  follows.  The  metallic  gauge  is  supposed  to  have 
no  friction  at  all,  which  is  not  far  from  truth  in  practice.  Then 
it  will  be  seen  that  the  friction  of  the  dirt  has  a  retarding  action  on 
the  motion  of  the  piston  in  both  directions.  Hence  if  we  assume 
that  this  friction  requires  a  pressure  of  p  lbs.  per  sq.  in.  to  overcome 
it,  whether  the  piston  is  rising  or  falling,  then  the  needle  will  indicate 
p  lbs.  more  when  the  piston  rises,  and  p  lbs.  less  when  the  piston  falls, 
than  it  would  do  if  this  source  of  error  were  absent.  The  difference 
2  _p  is  represented  by  the  distance  M  N,  and,  dividing  this  distance  at 
P,  we  get  the  pressure  which  would  be  indicated  if  this  friction  were 


August  1880.  STANDARD    GAUGE    FOR    HIGH    PRESSURES. 


461 


nothing.  In  practice,  unless  the  water  is  dirty,  the  length  of  MN 
is  smaller  than  y-J-^  of  the  total  length  OM.  Sometimes  it  may  be  a 
little  larger,  but  in  that  case  it  is  better  to  remove  the  piston  and 
clean  it  carefully ;  the  difficulty  can  be  avoided  altogether,  if  the  water 
employed  is  carefully  filtered.  The  return  of  the  piston  is  easy  to 
notice,  since  the  electric  bell  begins  to  ring  when  the  piston  rises, 
and  continues  to  ring  until  the  piston  falls. 

Friction  of  metallic  Gauges. — The  Author  has  already  remarked 
that  the  friction  of  metallic  gauges  themselves  is  generally  very 
small ;  but,  if  they  are  not  carefully  made,  the  friction  of  the  needle 
and  other  parts  may  sometimes  be  considerable.  The  following  is  a 
description  of  a  very  simple  apparatus  for  measuring  the  amount  of 
this  friction ;  it  has  been  designed  by  the  Author,  and  made  in  the 
works  of  M.  Gui chard,  metallic-gauge  manufacturer  in  Paris.  The 
apparatus,  Fig.  6,  Plate  71,  is  a  kind  of  metallic  gauge  consisting  of  a 
pipe  coiled  in  a  spiral  form:  the  water  passes  through  an  opening  A 
to  the  centre  C  of  the  spiral ;  the  other  end  B  of  the  spiral  is  closed, 
and  a  needle  BD  is  fixed  to  it.  The  section  of  the  pipe  is  elliptic, 
as  in  the  ordinary  metallic  gauges.  When  the  pressure  of  water 
increases,  the  spiral  enlarges  itself;  the  centre  C  cannot  move 
because  it  is  fixed  to  the  board,  but  the  free  end  B  moves,  and  its 
motion  is  multiplied  by  the  needle  ;  this  motion  is  measured  on 
the  graduated  curve  D.  Such  a  gauge  can  have  no  friction 
whatever,  because  the  needle  is  fixed  on  the  tube  itself  without  any 
transmission.  With  this  instrument  it  is  easy  to  measure  the  friction 
of  a  metallic  gauge  at  every  point  of  its  graduation.  For  this 
purpose  both  gauges  are  connected  with  the  compressor ;  then  the 
pressure  of  water  is  increased  until  the  needle  of  the  metallic 
gauge  reaches  the  desired  position  P,  at  which  the  friction  is  to  be 
measured.  Let  q  be  the  corresponding  position  of  the  needle  of  the 
spiral  gauge.  Then  the  pressure  is  increased  somewhat  further, 
and  afterwards  decreased :  let  q'  be  the  new  position  of  the  needle 
of  the  spiral  gauge,  when  the  needle  of  the  ordinary  gauge  has 
returned  to  its  first  position  P.    Then  the  friction  of  the  gauge  under 

trial  is  given  by  q  —  q',  and  the  proportional  friction  is  ^— ^-* 
In  practice,  with  a  good  metallic  gauge,  ^~^  is  smaller  than  -- 
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Design  of  the  Standard  Gaur/e. — Fig.  5,  Plate  71,  gives  tlic  design  of 
the  actual  apparatus,  which  has  been  working  since  the  end  of  1879 ; 
the  accuracy  of  the  measurement  given  with  that  apparatus  is 
within  a  limit  of  error  of  1  per  cent,  less  or  more.*  This  is  quite 
sufficient  for  engineering  practice^  but  it  is  easy  to  obtain  a  closer 
accuracy  for  purposes  of  science.  The  Author  has  designed  a  new 
apparatus  in  which  the  piston  is  of  25  mm.  diam.  (1  in.)  instead  of 
15  mm. ;  several  alterations  also  arc  made  in  the  levers. f  The 
apparatus  will  be  constructed  at  the  works  of  tlie  Lyons  Eailway ; 
the  piston  will  be  made  of  aluminium  bronze  (10  per  cent, 
aluminium  and  90  j^er  cent,  copper) ;  and  the  diameter  of  the 
bore  will  be  measured  to  an  accuracy  of  y-J-g-  millimetre  at  the 
works  of  the  French  Artillery  in  Paris.  The  accuracy  of  the 
new  apparatus  will  be  within  -^^q-  or  ^^,  if  it  is  well  made.  Such 
a  degree  of  accuracy  is  necessary  for  scientific  purposes ;  but  for 
mechanical  practice  the  accuracy  of  the  Author's  existing  apparatus, 
y^^,  is  quite  sufficient.  It  is  probable  that  the  Company  will  buy  a 
machine  giving  a  pressure  of  water  higher  than  200  atmospheres ; 
since  the  new  apparatus  will  be  strong  enough  to  measure  1000 
atmospheres  or  more  if  necessary. 

Pumps  are  very  defective  appliances  for  giving  the  pressure  in 
such  experiments,  because,  with  a  pump,  the  needle  of  the  metallic 
gauge  is  in  continual  vibration.  It  is  much  better  to  employ  an 
accumulator  or  a  compressor. 

Apjplications  of  the  system. — The  Author  believes  that  the  exact 
measurement  of  pressure  given  by  this  instrument  will  find  many 
applications  in  science,  and  in  mechanical  engineering.  The  following 
case  is  especially  interesting.  Testing  machines  have  now  been 
established  in  many  works;  but  they  are  somewhat  expensive 
machines,  consisting  generally  of  a  hydraulic  piston  to  give  the 
required  force,  and  of  other  apparatus  to  give  the  measure  of  that 
force.  The  Author  is  of  opinion  that  a  great  simplification  may  be 
introduced,  if  the  force  be  measured  simply  by  multiplying  the 
pressure   by   the    surface   of    the   piston.       This   would    have    two 

*  See  the  Appendix  on  the  sources  of  error. 

t  The  Author  has  presented  the  designs  of  the  new  apparatus  to  the  Institution. 
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advantages:  firstly  it  would  greatly  diminisli  the  cost  of  testing 
macliines ;  and  secondly  it  would  enable  them  to  be  made  on  a  much 
larger  scale,  with  a  pull  of  a  million  kilogrammes  (2,200,000  lbs.),  if 
necessary.  Tlie  Author  has  made  many  experiments  showing  that  the 
friction  of  the  leathers  is  less  than  -^\j,  when  the  pressure  of  water  is 
high,  and  when  the  piston  is  perfectly  polished  and  well  greased ; 
then,  with  good  leathers,  and  with  a  well  graduated  metallic 
gauge,  the  measure  of  the  force  is  easy.  It  may  here  be  observed 
that  the  metallic  gauges  generally  in  use  are  too  small;  they 
would  be  better  if  the  flexible  tube  were  larger  and  stronger;  the 
extent  to  which  the  motion  must  be  multiplied  would  then  be  smaller, 
and  they  would  give  a  much  better  result. 

Again  a  piston  of  the  same  kind  may  be  employed  as  a  safety- 
valve;  the  piston  should  in  that  case  move  in  a  cylinder  having 
lateral  openings,  the  water  flowing  out  through  the  openings  when 
the  piston  is  raised ;  the  stroke  of  the  piston  should  also  be  much 
longer  than  in  the  standard  gauge  here  described.  A  high-pressure 
safety-valve  of  this  construction  is  now  in  use  at  the  works  of  the 
Lyons  Company. 

The  Author  may  conclude  by  observing  that  the  first  idea  of 
these  experiments  was  suggested  to  him  by  the  experiments  of 
Captain  Galton  and  Mr.  Westinghouse  on  brake  friction  at  high 
speeds.  In  the  experimental  van  then  used,  the  various  strains  were 
estimated  by  measuring  the  pressui^e  of  water  in  several  Richards 
indicators;  but  the  piston  of  a  Eichards  indicator  has  no  packing, 
and  the  water  leaks  past  it  exactly  as  in  the  Author's  apparatus.  The 
Author  will  be  glad  to  give  the  Members  of  the  Institution  any 
further  details  which  may  be  needed ;  he  will  also  be  glad  to  show 
the  working  of  the  apparatus  to  any  member  visiting  Paris.  In 
the  Appendix  he  has  given  an  answer  to  the  objections  which  have 
previously  been  made  to  the  system;  and  he  will  do  his  best  to 
reply  to  any  other  objections  which  may  be  made  by  Members  of 
the  Institution.* 

*  Any  member  of  the  Institution  or  English  manufacturer  is  at  liberty  to 
make  the  apparatus,  without  payment  of  royalty. 
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ArrENDix. 


ESTniATE    OF    ErtRORS. 
1st.  Error  due  to  the  momentum  neglected. 

Consider  first  a  section  Aq  Bo  of  the  liquid.  Fig.  7,  Plate  71,  so  far  from 
the  piston  that  the  filaments  of  liquid  are  perfectly  parallel.  Secondly 
consider  another  section  Co  Dq  of  the  annular  vein,  close  to  the  point 
of  escape  of  the  water,  and  in  which  the  filaments  are  also  parallel. 
Let  Aj  Bi  and  Ci  Di  be  the  positions  of  these  sections  respectively 
at  the  end  of  a  unit  of  time.  Then  the  volume  between  Ao  Bo 
and  Ai  Bj  must  be  equal  to  the  volume  between  Cq  Dq  and  Ci  Dj ; 
each  being  equal  to  the  discharge  of  water  per  unit  of  time. 

We  have  now  to  ajiply  the  principles  of  dynamics  to  the  body 
formed  by  the  liquid  mass  between  AqBo  and  Co  T>^,  and  by  the 
loaded  piston  of  weight  W.  This  piston  will  be  in  the  same  position 
at  the  end  of  a  unit  of  time,  while  the  liquid  mass  will  have  moved 
into  the  position  Aj  B^  Ci  Dj.  We  assume  that  the  action  of  the 
external  forces  during  the  unit  of  time  is  equal  to  the  loss  of 
momentum  in  the  body  under  consideration.  Hence  we  have  the 
following  equation- 

^Fdt  =  MVo  -  MV, (1) 

0 

where  F  is  the  resultant  of  the  exterior  forces,  M  is  the  mass  of 
the  body  considered,  and  Vq  and  Yi  are  its  velocities  at  the  beginning 
and  end  of  the  unit  of  time. 

To  determine  the  forces,  let  S  be  the  area,  at  AqB^,  of  the 
cylinder  in  which  the  piston  moves,  p  the  actual  pressure  at  that 
point :  then  the  external  forces  are  the  following  : — • 

1.  The  pressure  below  Aq  Bo,  or  j9  x  S. 

2.  The  weight  of  the  loaded  piston,  or  —  W. 

3.  The  sum  of  the   reactions  due  to  the  frictions  of  the  water 

against  the  walls  of  the  cylinder,  or  —  cp. 


II 
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Each  of  these  forces  remains  constant  during  the  small  motion 
considered  ;  hence  the  left-hand  side  of  the  equation  will  be 
represented  by  p  S  —  W  —  <^. 

We  have  now  to  consider  the  right-hand  side,  or  the  loss  of 
momentum.  Since  the  weight  W  does  not  move,  it  has  not  to  be 
considered.  "We  may  also  neglect  the  part  A^  Bj  Cq  Dq,  which  is 
common  to  the  two  masses  Ao  BqCo  Dq  and  A^  Bj  Ci  Dj.  The  loss 
of  momentum  required  will  therefore  be  the  difference  between  the 
momentum  of  the  mass  Aq  Bq  A^  B^,  and  that  of  the  mass  Co  Dq  Cj  Dj. 
Let  D  be  the  discharge  per  second;  o-  the  section  of  the  escaping 
water,   and   id    the    weight    of  a   unit    of  volume ;  the  velocity   of 

the  water  at  Aq  Bq  is  then  g,  and  the  velocity  of  the  water  at  Co  Dq  is 

-.  The  mass  AoBqAjBi  and  the  mass  CoDoCiD^  are  each  =  -  x  w. 
The  loss  of  momentum  is  therefore  given  by 


Dw 
0 

D        Biv        D        Bhv  / 1 
X  -Q-  -   —    X  — ,  or  —  (^ 

it  is  therefore  less  than . 

The  equation  therefore  becomes — 

whence 

^       s       s  <  ~  ^^s' 

or  in  the  limit, 

^-~^--t-^^s- 

If  we  put 

?^^  =  a,     then 

(i  -  t)^ 


p  =  -s+i      (2) 

with  a  negative  error  less  than  a.  ^  It  will  be  borne  in  mind  that  S  is 
the  area  of  the  cylinder,  and  hence  it  is  the  diameter  of  the  bore  and 
not  of  the  piston  which  must  be  measured. 


2nd.  Error  due  to  the  velocity  of  the  liquid  filaments. 
We  assume  the  supply  pipe  leading  to  the  piston  to  be  so  large 
that  the  water  has  no  appreciable  velocity  in  it.     But  the  water  in 
the   cylinder   immediately   below   the   piston   must   have   a   certain 
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velocity,  wliicli  slightly  diminisLcs  its  pressure.  On  the  otlicr  hand 
tlic  pressure  in  the  metallic  manometer  is  ecjual  to  that  in  the  supply 
pipe,  where  the  velocity  is  inappreciable. 

Let  P  =  the  pressure  in  the  supply  pipe, 

p  =  the  pressure  at  Aq  Bq,  Fig.  7,  Plate  71, 
V  =  the  velocity  at  Aq  B^. 

Then  _  ^  ii-  4.  or  P  =  «  +  -^ 

T>ho       .  D 

whence  'P  =  p  +  ^-^    since  ^^  =  g- 

The  error  ^  due  to  this  source  is  therefore  certainly  less  than  o^gj. 

In  practice,  with  the  latest  arrangements,  the  error  is  still  smaller. 

3rd.  Error  due  to  the  friction  of  the  water. 

Suppose  the  piston  to  be  very  long :  in  Fig.  8  let  Aj  Bo  be  the 
section  of  the  annular  vein  near  its  entrance  into  the  annular  space, 
and  at  the  most  contracted  section ;  and  let  Co  Do  be  a  section  near  the 
point  of  escape.  Consider  the  annular  mass  Aq  Bq  Co  Dq,  and  let 
Ai  Bi  Ci  Di  be  its  position  at  the  unit  of  time.  The  general  equation 
(1)  being  again  employed,  the  external  forces  acting  on  this  mass  are 
as  follows : — 

1st.  The  pressure  of  the  water  on  the  section  a  at  the  bottom  of 
the  annular  space. 

2ndly,  The  sum  If  of  the  frictions  of  the  water  against  the  walls 
of  the  cylinder. 

Srdly,  The  sum  2/i  of  the  frictions  of  the  water  against  the 
piston. 

When  the  clearance  is  very  small,  the  surfaces  of  the  cylinder  and 
the  piston  are  sensibly  equal,  and  we  may  consider  2/  and  2/^  as 
equal.  Put  2/  =  —  (p,  thus  bringing  out  the  negative  sign.  The 
resultant  force  is  therefore  the  pressure  on  the  section  a,  less  2  cf>. 
Again,  since  the  motion  is  steady,  the  momentum  lost  by  the  mass 
Ao  Bo  Co  Do,  in  passing  to  the  position  Ai  Bi  Ci  Di,  is  equal  to 
the  momentum  of  Ao  Bo  A^  B^  less  the  momentum  of  Cq  Do  Ci  Dj. 
But  if  the  piston  were  indefinitely  long,  the  frictions  in  the  annular 
space  would  be  sufficient  to  stop  any  motion  of  the  water,  and  its  loss 
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of  momentum  would  consequently  be  zero.  At  the  same  time  the 
pressure  at  the  entrance  of  the  annular  sjmce  would  be  equal  to  p. 
Let  m  be  the  ratio  of  the  contracted  section  to  the  full  section  a. 
Then  we  should  have — 

2)ma  —   2(^   =   0, 
2)<r  ^  pa- 


=  w^  < 


2 


Since  the  friction  is  at  the  most  =  -^  with  a  piston  of  infinite 
length,  it  will  be  less  than  this  value  with  a  piston  of  finite  length. 
Hence  if,  in  equation  (2)  above,  we  put  ?  =  y,  we  shall  have — 

^  ^  2S 


4th.  Error  due  to  inaccuracy  in  the  loeight  W  arid  in  tlie  diameter 
of  the  hore. 

If  the  load  W  were  applied  direct,  the  only  possible  error  in 
estimating  its  value  would  be  due  to  inaccuracies  in  the  weights 
forming  the  load,  and  it  would  suffice  to  compare  these  carefully  with 
standard  weights.  In  the  actual  arrangement,  Fig.  5,  Plate  71, 
the  load  is  given  by  a  movable  weight  on  a  graduated  lever,  and 
there  may  be  slight  errors  in  this  graduation.  The  lever  might  be 
made  longer  to  give  greater  accuracy,  but  it  would  be  better  to  apply 
the  weights  direct. 

Again  slight  errors  may  be  made  in  determining  the  diameter  of 
the  bore.  Let  a  be  this  diameter,  and  da  be  the  error  in 
measurement.     Then  we  have — 


Area 

S 

= 

Tra- 
■i 

Hence  dS 

= 

27rrt 
4 

X 

da 

dS 

s 

= 

2ira 

X 

da  ^ 

2 

X 

da 

47r 

,a- 
4 

a 

The  consequent  error  in  the  pressure  will  be  2jp  —,  which  we  will 
call  8. 

If  the  measurement  of  the  bore  is  made  at  a  temperature  of  about 
lo°  centigrade,  the  error  due  to  the  expansion  or  contraction  of  the 
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metal  may  bo  neglected.  Assume  that  observations  are  always  made 
at  a  temperature  between  0°  and  30°,  then  tlie  greatest  variation  of 
temperature  will  be  15°.  Now  for  a  variation  of  100°  the  expansion  of 

steel  is  equal  to  g^Q  of  its  length.     The  expansion  in  this  case  will 

15  1  15 

therefore  equal  ^^^  X  y^Q,  or  yQQOQ-     '^^^^^  gives   a   possible  linear 

proportional   error   of  about   0'0002,  or   an   error   in   the   area   of 
1 

2,500 


0  •  0004  or  o  r An ;  which  may  be  neglected 


Summary  of  Errors. 

The  result  of  our  investigation  is  the  following  equation  : — 
W 

p   =   -^    -a   +   )3   +   7±5; 

where  o  <  -^    (error  due  to  momentum  neglected) 

j8  <  2-g2    (error  due  to  velocity  of  liquid  filaments) 
7  <  p  2s  (error  due  to  friction  of  water) 

5  <  2/>  —  (error  due  to  measurement  of  bore). 

D  is  the  discharge  per  second  :  this  may  be  easily  measured  in  any 
particular  case,  but  it  will  suffice  to  fix  a  superior  limit  to  it.  If  the 
friction  of  the  water  was  nothing,  the  velocity  at  the  point  of  escape 

would  =  A  /  2  ^  -,  where  p  is  the  pressure,  and  lo  the  weight  per  unit 
of  volume.  ^ 

But  this  velocity  is  also    =  — ; 


hence,  in  the  limit,    —  =   a/  2g-^ 


Hence  we  have- 


v-^.^.'f. 


B^w        2p(r 
«  <  ^  <    IS 


2c/S^ 
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These  relations  would  hold  a  fortiori,  if  we  substituted  the 
piston  area  s  for  the  cylinder  area  S. 

Application  to  the  apparatus  actually  in  use. 

Here  the  diameter  of  the  bore  is  14*2  mm.,  so  that  its  area 
S  =  160  sq.  mm.    The  clearance  between  piston  and  bore  is  less  than 

2Q  mm.,  so  that  o-  =  tt  X  14:'2  X   20  =  ^'^^^^'  ^^• 

The  diameter  of  the  bore  is  measured  correctly  to  within  ^  mm. 

If  the  pressure  p  =  200  kilogrammes  per  square  centimetre,  the 
discharge  D  is  barely  1  cubic  centimetre  per  second :  and  taking 
the  kilogramme  and  centimetre  as  units,  we  have 

a         ^  1   X  0-001  .  1       . 


2UU 

^ 

900  X  0-0223  X  1- 

6  X 

200 

^  0,500,000' 

3 

< 

1  X  0-001 

< 

1 

200 

2  X  900  X  (1-6/  X 

200 

1,000,000,000' 

7 
200 

< 

0- 02-23     1 
2  X  1-6  <  143' 

5 
2uu 

< 

2  X  0-05    1 
14-2   <  142' 

The  proportional  errors  would  be  the  same  for  other  pressures. 


2  N 
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Discussion. 

Mr.  A.  Allan  mentioned  that  in  1859  lie  had  read  a  paper  to 
the  Institution  (see  Proceedings  1859,  page  179)  on  a  new  kind  of 
pressure-gauge,  in  which  a  correctly  measured  volume  of  air  was  used 
as  a  spring,  instead  of  the  ordinary  metallic  spring.  The  measured 
air-spring  was  acted  on  by  cold  water  from  a  bent  pipe,  as  usually 
applied  to  other  pressure-gauges  ;  and  the  pressure  was  shown  by  a 
water  line  in  a  glass  tube,  as  in  a  barometer.  The  mode  then  adopted 
for  testing  these  air-spring  pressure-gauges  had  been  by  a  well  made 
gun-metal  cylinder  of  1  sq.  in.  area,  fitted  with  a  ram  of  the  same 
metal  having  a  carefully  turned  leather  washer  on  its  lower  end ;  the 
cylinder  was  vertical,  and  the  cross-head  on  the  top  of  the  ram  worked 
between  guides,  with  side  rods  carrying  a  plate  below,  which  was 
loaded  with  dead  weights  of  15  lbs.  each,  directly  under  the  cylinder. 
From  the  bottom  of  the  cylinder  a  branch  pipe  went  to  the  air-gauge  to 
be  tested;  and  another  to  a  Bourdon  gauge,  then  considered  infallible, 
which  checked  each  15  lbs.  addition  to  the  load.  With  the  cylinder 
w'as  then  connected  a  tall  glass  tube,  closed  at  top  and  having  a  space 
to  mark  a  scale  on ;  and  every  15  lbs.  weight  added  on  the  ram  raised 
the  water-line  correspondingly  in  the  glass  tube,  the  indications  being 
found  to  agree  nearly  with  the  theory  of  air  compression,  according  to 
which  the  volume  would  vary  inversely  as  the  pressure  applied.  In 
reality  a  continually  diminishing  scale  was  obtained  up  to  200  lbs. 
per  sq.  in.,  which  was  corrected  by  many  direct  experiments, 
and  also  by  a  mercury  column.  On  testing  the  mercury  column 
itself,  there  was  found  to  be  a  constant  slight  error  when  it  was 
applied  to  the  pressure-gauges.  For  instance,  after  loading  the 
testing  ram  to  100  lbs.,  and  pumping  up  the  mercury  to  that  pressure, 
and  marking  the  scale,  if  it  were  then  farther  pumped  up  to  120  lbs. 
and  afterwards  lowered  again  to  100  lbs.,  the  mercury  column  never 
came  back  to  exactly  the  same  point  in  falling  as  in  rising,  probably 
owing  to  the  friction  of  the  metal  in  the  glass  tube. 
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In  the  present  paper  it  was  stated  (page  455)  that  the  graduation  of 
pressure-gauges  could  not  be  fixed  by  calculation  alone  ;  but  he  hoi3ed 
by  the  mathematical  theory  of  air-compression  this  might  yet  be 
accomplished,  and  that  a  correct  standard  scale  and  instrument  might 
be  made  for  testing  all  ordinary  pressure-gauges  up  to  200  lbs.  per 
sq.  in.  by  a  simple  air-column.  Variation  of  temperature  would 
occasion  no  difficulty,  as  air  was  equally  elastic  at  all  ordinary 
temperatures;  and  the  necessary  operation  of  blowing  the  air  and 
water  out  of  the  instrument  was  favourable  to  the  accuracy  of  the 
indications  given,  because  for  each  gauge  tested  the  testing  air-spring 
would  then  be  at  the  temperature  of  the  surrounding  air. 

About  three  thousand  air-gauges  had  now  been  made,  and  were  at 
work  in  various  places.  In  some  of  them  the  same  air-spring  had 
been  in  use  for  six  months  without  change,  and  in  others  for  twelve 
months.  Should  a  doubt  arise  as  to  the  pressure  shown  at  any  time, 
the  air  could  be  blown  out,  and  a  new  supply  admitted,  which  would 
settle  the  question.  The  advantages  of  the  air-spring  pressure-gauge 
were  that  it  had  no  metal  spring,  rack,  pinion- sector,  or  multiplying 
parts  to  wear  or  stick ;  the  air-spring  was  without  cost,  and  could  be 
renewed  at  pleasure.  On  locomotives  the  water  line  forming  the 
index  had  much  less  vibration  than  the  multiplying  pointer  of  other 
spring  gauges  ;  nor  was  the  air-gauge  subject  to  silting  up,  on  boilers 
that  primed.  The  instrument,  being  made  of  best  bronze  metal,  was 
not  liable  to  wear  by  oxidation ;  the  glass  tube  did  not  wear  like  those 
of  water-gauges  on  boilers,  some  having  been  in  work  eighteen  years  ; 
and,  in  the  event  of  accident,  any  man  could  replace  it.  The  air-spring 
pressure-gauge  was  useful  to  test  others  by,  and  its  principle  had 
been  approved  by  various  engineers  of  eminence.  The  want  of  a 
pressure-gauge  based  on  scientific  principles  would  be  gathered  from 
the  Royal  Agricultural  Society's  trials  :  out  of  2G5  new  metal-spring 
gauges  tested  to  50  lbs.  during  the  three  years  1868-70,  only  37  were 
found  to  be  correct,  the  errors  of  the  remaining  228  ranging  from  16 
to  20  per  cent. ;  and  at  the  Birmingham  show  in  1876,  out  of  108  new 
gauges  tested,  only  9  were  found  correct.* 

*  See  Proceedings  Inst.  M.  E.,  1871,  page  281 ;  and  llie  Enrjineer,  28  July  1876, 
page  67. 
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Mr.  J.  A.  G.  Koss  said  tho  subject  of  the  paper  was  one  of  very 
great  interest,  especially  with  regard  to  large  testing  machines,  where 
there  was  a  liability  to  very  great  diflferences  in  the  pressure  indicated. 
The  apparatus  described  in  the  pai)er  seemed  to  meet  that  in  some 
measure.  It  was  not  altogether  a  new  thing  :  ten  years  ago  a  gauge 
of  that  sort  had  been  brought  out,  having  an  exactly  fitting  ram  in  a 
cylinder ;  moreover  at  the  top  it  had  balls  similar  to  governor  balls, 
so  that  it  could  indicate  without  any  adjustment  from  the  lowest 
pressure  to  the  highest,  by  moving  the  balls  and  levers  from  a 
vertical  to  a  horizontal  position.  The  difficulty  in  that  case,  which 
he  apprehended  also  in  the  present  case,  was  that  it  was  impossible 
to  keep  such  a  gauge  in  a  position  where  grit  would  not  get  in.  A 
small  amount  of  grit  in  the  cylinder  caused  the  gauge  to  stick,  and 
so  it  failed. 

He  should  like  to  ask  Mr.  Allan  if  he  had  any  provision  for 
meeting  a  change  of  temperature  or  a  sudden  rise  of  pressure.  Of 
course  a  very  sudden  rise  of  pressure  produced  an  increase  of 
temperature  in  the  confined  air,  causing  it  to  indicate  falsely  ;  and  he 
wished  to  know  if  a  change  in  temperature,  or  a  sudden  rise  of  pressure 
altering  the  temperature,  had  been  met  or  compensated  for  in  any 
way  in  tho  air- spring  gauge. 

Mr.  Allan  said  no  sudden  change  of  pressure  could  take  place  in 
actual  work  to  develop  heat  enough  in  the  air-spring  gauge  to 
produce  the  smallest  error ;  if  the  temperature  was  increased  by  any 
cause,  the  gauge  could  readily  be  tested  by  turning  the  handle  and 
blowing  out  the  water  and  air,  and  taking  in  a  new  atmosphere ;  and 
then  it  was  of  no  importance  whether  its  temperature  was  200° 
or  32°  F.,  the  spring  would  be  of  equal  strength. 

Mr.  Eoss  thought  the  absorption  of  the  air  by  the  water  was  a 
difficulty  in  Mr,  Allan's  gauge. 

Mr.  Allan  replied  there  was  no  difficulty  from  that  cause :  the 
same  volume  of  air  would  last  twelve  months  in  the  gauge  without 
suffering  any  absorption ;  but  it  might  be  changed  hourly,  daily,  or 
weekly. 
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Mr.  W.  H.  Maw  said  the  apparatus  proposed  by  M.  Marie  was 
practically  identical  with  the  form  of  combined  pressure-gauge  and 
safety-valve  *  used  by  Mr.  J.  V.  Gooch  when  on  the  South  Western 
and  Eastern  Counties  (now  Great  Eastern)  railways,  between  1850 
and  1856  :  many  scores  of  those  gauges  had  been  made  and  worked. 
Mr.  Gooch  had  adopted  the  plan  of  having  side  ports,  which  were 
uncovered  by  the  piston  of  the  gauge  rising  above  the  ordinary 
working  pressure. 

The  President  observed  that  Mr.  Gooch  had  gauged  his  indicators 
by  a  gauge  of  that  kind. 

Mr.  R.  LuTHT  mentioned  that  some  years  ago  he  had  designed 
an  apparatus  for  measuring  the  pressure  in  hydraulic  presses, 
and  for  ascertaining  the  friction  of  leather  collars ;  and  had 
carried  out  a  series  of  experiments  for  Mr.  Hick.  All  the  various 
pressure-gauges  he  could  get  were  connected  with  the  apparatus; 
amongst  others  he  had  one  with  a  small  piston  loaded  by  a  graduated 
lever  and  weight,  made  by  Messrs.  Joseph  Whitworth  &  Co.  He 
had  also  a  mercurial  gauge  made  by  Mr.  James  Fogg  of  Bolton,  in 
which  the  pressure  from  the  pumps  or  press  acted  upon  a  very  small 
piston,  which  formed  part  of  a  very  large  piston  loaded  by  a  column 
of  mercury;  the  pistons  had  a  very  small  motion  indeed,  and  were 
packed  with  thin  india-rubber  diaphragms  stretched  over  their 
surfaces,  and  secured  all  round  in  the  fixed  portions  of  the  gauge ; 
tliat  he  found  to  be  the  most  reliable  and  durable  gauge,  when 
once  properly  adjusted.  With  regard  to  the  friction  of  M.  Marie's 
piston,  he  thought  it  would  be  much  more  easily  measured  in  the  same 
way  that  the  friction  of  leather  collars  had  been  measui-ed  in  the 
experiments  he  had  made.  In  those  experiments  the  ram  was 
continued  right  through  the  top  and  bottom  of  the  cylinder;  and 
the  weight  of  the  ram  being  known,  as  well  as  the  load  brought  to 
bear  upon  it  by  a  steelyard,  an  exact  measure  was  obtained  of  the 
power  required  to  move  it  under  certain  pressures.  For  instance,  in 
measui-ing  the  friction  of  the  leather  collars,  he  had  a  ram  passing 

*  An  GDgraving  of  this  is  given  in  Clark's  "Eailway  Machinery,"  page  208. 
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right  tlirong]i  a  vortical  cylinder  with  a  leather  coHar  at  each  end, 
and  he  then  weighed  how  much  it  took  to  move  the  ram  up  or  down, 
and  of  course  one  half  of  that  weight  rei^resented  the  friction  of  one 
leather  collar.* 

Mr.  J.  HuMPHRTS  said  tliat,  looking  at  the  ingenious  contrivance 
of  M.  Mario,  there  was  one  objection  which  had  been  raised  in  tlie 
jiaper  itself,  namely  as  to  the  difficulty  likely  to  arise  from  dirt 
getting  into  the  cylinder.  He  should  be  glad  to  know  whether  that 
difficulty  might  not  be  got  over  by  introducing  a  column  of  purified 
oil  or  some  material  of  that  sort,  which  might  remain  under  the 
l^iston  and  interposed  between  the  piston  and  the  water. 

Mr.  E.  B.  Ellington  mentioned  that  a  gauge  very  similar  in 
construction  was  commonly  used  in  chain-cable  testing  machines  ;  it 
was  in  general  use  in  registering  the  pressures,  but  not  as  a  standard, 
the  dead  weights  and  levers  being  depended  upon  for  the  more  accurate 
measurements.  He  did  not  think  any  gauge  of  that  class,  or  any 
gauge  at  all,  would  supersede  the  necessity  for  dead  weights  and 
levers  in  accurate  measurement. 

Mr.  E.  H.  TwEDDELL  thought  the  members  owed  their  thanks 
to  M.  Marie  for  the  careful  way  in  which  he  had  gone  into  the 
experiments,  and.  the  able  manner  in  which  he  had  considered  the 
subject  mathematically.  Although  he  had  thereby  simply  proved 
what  had  been  already  found  out  in  practice  in  this  country,  it  was 
satisfactory  to  find  the  practice  was  coufii-med  by  theory.  So  far 
as  the  application  of  any  gauge  to  ordinary  hydraulic  machinery 
was  concerned,  he  failed  to  see  any  necessity  for  it,  because  the 
accumulator  was  both  the  best  safety-valve  and  also  the  best  measure 
of  pressure  that  could  be  used ;  in  fact  it  was  only  another  form  on 
an  enlarged  scale  of  the  apparatus  shown  in  the  diagrams ;  but 
where  it   was  a  question  of   testing  machinery,   where  the  utmost 

*  A  description  of  this  apparatus  with  tlie  results  of  the  experiments  was 
published  in  The  Engineer,  1  June  1866,  page  393. 
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accuracy  was  a  matter  of  extreme  importance,  the  investigations  in 
tlie  paper  possessed  great  interest.  He  had  never  found  gauges  on 
hydraulic  machinery  reliable  for  any  length  of  time,  owing  to  the 
shocks  and  vibration  of  the  machinery  they  were  attached  to.  A 
very  simple  expedient  was  sometimes  used.  The  face  of  the  gauge 
had  two  lines  of  figures,  one  on  either  side  of  the  vertical  centre  line  ; 
and  each  had  its  own  pointer,  which  moved  in  opposite  directions,  one 
checking  the  other.  He  might  mention  that  all  the  indicator  diagrams 
which  had  been  given  at  the  Paris  meeting  by  M.  Berrier- Fontaine 
(Proceedings  1878,  p.  346)  had  been  obtained  by  an  ordinary  steam 
indicator,  which  he  had  altered  by  simply  reducing  the  area  of  the 
piston.  He  believed  he  was  the  first  to  take  indicator  diagrams  at 
any  such  pressures — from  1,500  lbs.  to  2,000  lbs.  per  sq.  in. 

M.  Marie  said  in  reply  that  Mr.  Allan  had  spoken  only  of  low 
pressures,  while  the  apparatus  described  in  the  paper  was  for  high 
pressures.  For  low  pressures  it  was  easy  to  have  a  good  standard 
gauge. 

With  regard  to  the  question  of  dirt  coming  between  the  piston 
and  the  bore,  that  was  a  dif&culty  no  longer.  A  filter  was  employed 
to  test  if  there  was  any  dirt  in  the  water ;  and  it  was  now  found 
that  the  water  was  not  dirty  once  in  a  hundred  times.  It  was  not 
necessary  therefore  to  employ  oil,  as  ingeniously  suggested  by  Mr. 
Humphrys. 

He  had  not  heard  of  any  English  apparatus  of  that  kind,  and 
he  should  be  glad  to  have  the  drawings  of  any  such  that  had  existed. 
He  was  well  aware  that  the  principle  of  the  apparatus  was  very  old ; 
the  ordinary  Watt's  indicator  was  in  fact  an  apparatus  of  that  kind, 
since  it  had  a  piston  without  any  packing,  the  principle  being  thus 
exactly  the  same  as  in  the  present  apparatus.  The  apparatus  which 
Mr.  Gooch  had  employed  appeared  also  to  be  the  same  as  Watt's 
indicator.  Yet  this  system  had  never  previously  been  employed  for 
the  graduation  of  gauges,  because  it  had  never  been  known  how 
to  measure  the  friction  of  the  piston.  He  believed  the  method  he 
had  given  for  measuring  that  friction  was  new,  as  well  as  the  general 
arrangement  of  the  apparatus  described  in  the  paper. 
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Gauges  having  a  piston  packed  witli  diapliragins  had  been  constantly 
employed  for  fifteen  years  in  the  works  of  the  Puris  and  Lyons 
Railway,  and  had  always  given  trouble  by  friction ;  and  it  was 
because  the  friction  of  the  diaphragms  had  been  found  to  be  too 
great,  that  he  had  been  led  to  look  for  a  new  method  of  measuring 
high  pressures.  The  apparatus  described  for  this  purpose  was 
designed  for  very  delicate  measurements ;  it  was  not  intended  itself 
for  ordinary  use  in  daily  practice,  but  for  graduating  by  it  other 
gauges  to  be  employed  in  ordinary  practice. 

In  conclusion  he  might  mention  that  he  had  lately  compared  this 
standard  gauge  with  a  metallic  gauge,  which  had  been  graduated  by 
M.  Amagat  by  comparison  with  an  open-tube  gauge  in  a  mine 
shaft,  as  described  in  the  paper ;  and  they  had  been  found  to  agree 
exactly. 

The  President  proposed  a  vote  of  thanks  to  M.  Marie  for  his 
paper,  which  was  carried  by  acclamation. 


The  President  proposed  the  following  votes  of  thanks,  which 
were  carried  by  acclamation  : — 

To  the  Mayor  of  Barrow,  Edward  Wadham,  Esq.,  for  his  kind 
reception  of  the  Members  at  the  j)i'esent  Meeting,  and  his 
hospitality  in  entertaining  them  at  luncheon. 

To  Sir  James  Kamsden  and  the  Proprietors  of  the  various  Works 
in  Barrow  and  the  neighbourhood,  open  to  the  visit  of  the 
Members,  for  their  kindness  in  inviting  the  Members  to  visit 
their  Works,  and  for  their  arrangements  and  hospitality  in 
connection  with  the  visit. 

To  the  Fui-ness  Railway  Company,  for  their  kindness  in  presenting  the 
Members  with  Free  Passes  over  their  lines,  and  for  the  special 
facilities  arranged  for  the  Excursions. 
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To  tlic  Barrow  Yaclit  Club,  for  the  arrangements  so  kindly  made 
by  tliem  for  facilitating  the  accommodation  and  convenience 
of  the  Members  visiting  Barrow. 

To  the  Honorary  Local  Secretaries,  Mr.  Charles  Smith,  and 
Mr  C.  J.  Copeland,  for  their  very  valuable  services  m 
suggesting  and  maturing  all  the  arrangements  for  the  success 
of  the  Meeting. 

The  Meeting  then  terminated. 
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EXCURSIONS. 


The  following  Works  iu  and  arouud  the  town  of  Barrow  were 
tlirown  open  to  the  Members  in  the  course  of  the  week : — 

The  Barrow  Hseraatite  Steel  "Works. 

The  Barrow  Shipbuilding  Works.  ' 

The  Barrow  Flax  and  Jute  Works. 

S.  J.  Clave,  Railway  Rolling  Stock  and  Steel  Works. 

Furness  Railway  Works. 

William  Gradwell,  Saw  Mills. 

Woodhouse  and  Sons,  Brick  Works. 

Cooke  and  Swiunerton,  Wire  Works. 

Westray  Copeland  and  Co.,  Engineering  Works. 


On  the  afternoon  of  Tuesday,  3rd  August,  the  Members  were 
entertained  at  luncheon  in  the  Market  Hall  by  the  Mayor,  Edward 
Wadham,  Esq.  After  luncheon  an  excursion  was  made  by  special 
steamer  from  the  Buccleuch  Dock  to  the  Eamsden  Dock,  described 
in  Mr.  Stileman's  paper  (ante,  p.  324).  The  Members  inspected  not 
only  the  docks  themselves,  but  also  the  grain  warehouses  and 
elevators,  and  the  sheds  and  other  arrangements  for  receiving, 
slaughtering,  and  storing  cattle  and  pigs  imported  from  America.  The 
appliances  included  a  refrigerating  machine  for  the  dead  meat  stores, 
in  which  the  cold  is  obtained  by  the  expansion  of  compressed  air. 

From  thence  the  Members  walked  to  the  Barrow  Shipbuilding 
Works,  where  an  opportunity  was  afforded  of  seeing  the  steamship 
City  of  Borne  in  course  of  construction,  as  described  by  Mr.  James 
Humphrys  in  his  paper  (ante,  p.  336).  A  portion  of  the  engine  bed- 
2)late  for  this  vessel,  weighing  34  tons,  was  successfully  cast  during 
the  visit ;  the  pouring  being  done  from  4  ladles,  and  lasting  only 
li  minute.     The   other  vessels   under   construction  at  the  time  of 
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the  visit  were  five  gun-boats  for  the  Admiralty,  eacli  of  4 GO  tons, 
with  engines  of  360  H.P. ;  the  Furnessia  of  5500  tons,  with  4000 
H.P.  engines,  length  445  ft.,  beam  44^  ft.,  building  for  the  Anchor 
Line ;  the  yacht  Aries  of  300  tons,  for  Sir  James  Eamsden  ;  two 
sister  ships  for  the  Societe  Generale  de  Transports  Maritimes  de 
Marseille,  of  3800  tons  and  2500  H.P. ;  a  4000-ton  ship,  specially 
constructed  for  carrying  live  cattle  ;  two  ships  of  1500  tons  for  the 
St.  Andrews  Steamship  Co. ;  one  of  2000  tons  for  Messrs.  Lamport 
and  Holt ;  and  two  steel  vessels  of  4100  tons  and  4000  H.P.  for  the 
Peninsular  and  Oriental  Co.  A  new  arrangement  of  Tweddell's 
hydraulic  riveter  was  seen  in  operation  on  the  frames  of  some  of 
these  vessels,  and  another  on  the  keel  of  the  Furnessia,  setting  up 
rivets  of  ly^  in.  diameter  and  8  in.  length.  Appliances  for  the 
electric  light  were  in  course  of  erection,  to  assist  the  carrying  on  of 
the  work  during  the  night,  which  was  rendered  necessary  by  the 
great  amount  of  orders  in  hand,  forming  an  aggregate  of  nearly 
40,000  tons. 

The  works  themselves,  which  are  among  the  most  extensive  in  the 
world,  are  shown  in  plan  on  Plate  34.  They  are  divided  by  the 
Island  Road  into  the  engineering  department  and  the  shipyard.  On 
the  north  side  of  the  former  is  a  building  containing  the  coppersmiths' 
shop,  the  engineers'  smithy,  and  the  brass  foundry :  the  latter 
containing,  besides  seven  ordinary  pot  furnaces,  a  large  reverberatory 
furnace  for  brass  castings  of  the  heaviest  class.  On  the  south  side  of 
the  engineering  works  are  two  large  buildings,  one  containing  the 
iron  foundry  and  boiler  shop,  and  the  other  the  fitting  and  the 
erecting  shop  respectively.  In  the  boiler  shop  the  boilers  for  the 
Furnessia  and  for  the  City  of  Borne  were  seen ;  the  shells  and  tube- 
plates  had  been  drilled  by  a  multiple  drilling  machine  designed  by 
Mr.  James  Humphrys,  and  capable  of  putting  in  eight  holes  at  once. 
The  engine  shop  is  450  ft.  by  150  ft.,  and  contains  a  large  number 
of  heavy  tools,  especially  a  double-standard  slotting  machine,  driven 
with  a  belt  velocity  of  1900  ft.  per  minute. 

The  shops  in  the  shipyard  are  arranged  in  a  hollow  square, 
adjoining  the  Island  Road.  On  the  east  side  are  the  offices  and 
smaller  shops ;  on  the  north  the  frame-building  shed,  smiths'  shop, 
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&c. ;  on  tlio  soutli  the  joiners'  shop,  saw  mill,  boat-building  shop, 
cabinet  shop,  &c. ;  and  on  the  west  the  machine  shed,  containing 
punching  and  shearing  machines,  &c.  Immediately  beyond  this  lie 
the  slips,  consisting  of  a  covered  slip  for  yachts,  and  twelve  other 
slips,  of  which  the  largest  are  capable  of  taking  vessels  up  to  1,000  ft. 
in  length. 

From  the  shijiyard  the  Members  were  conveyed  by  special  train 
to  Lakeside  (Windermere)  on  an  evening  excursion,  in  the  course  of 
which  they  were  entertained  at  dinner  by  the  Barrow  Shipbuilding 
Company,  the  Barrow  Flax  and  Jute  Company,  Mr.  S.  J.  Claye, 
Mr.  W.  Gradwell,  and  Messrs.  Westray  Copeland  &  Co. 


On  "Wednesday  afternoon,  4th  August,  the  Members  first  proceeded 
to  inspect  the  goods  locomotive  built  by  Mr.  Webb,  and  fitted  with 
Mr.  Joy's  valve  gear  (see  ante,  p.  482). 

They  then  walked  to  the  Barrow  Flax  and  Jute  Works,  where  the 
various  processes  described  in  Mr.  Fleming's  paper  (ante,  p.  380) 
were  exhibited  and  explained.  In  the  preparing  room  on  the 
groimd  floor,  into  which  the  softened  stricks  of  jute  are.  conveyed 
from  the  "batching"  room  adjoining,  4;here  is  one  row  of  breaker 
cards,  then  a  row  of  finisher  cards,  a  row  of  first  drawing  fi-ames, 
a  row  of  second  di^awing  frames,  two  rows  of  roving  frames,  and 
two  rows  of  spinning  frames.  All  these  machines  are  usually  in 
motion,  and  the  material  leaving  each  row  of  machines  passes  on 
at  once  to  the  next  row.  The  bobbins  of  spun  yam  are  then 
conveyed  into  another  room,  where  the  beams  are  prepared  for 
the  looms  ;  and  thence  the  beams  are  transferred  to  the  weaving 
room,  where  upwards  of  400  looms  of  vai-ious  sizes  are  at  work,  for 
the  production  of  sacking,  bagging,  t^rpauling,  hessians,  striped 
bedding,  jacquard  window-curtains,  table-cloths,  counterpanes,  &c. 
The  looms  are  employed  on  difierent  qualities  of  jute,  from  the  fine 
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material  made  from  line  yarns  for  "  Kalameit "  to  the  roughest 
nail- bag  sacking ;  and  from  tapestries  and  cloths  of  attractive 
designs  and  colours  to  common  plain  bedding  material.  The 
shafting  is  all  underground,  so  that  all  belting  from  the  roof  is 
obviated,  and  at  the  same  time  the  main  bearings  are  less  exposed  to 
choking  with  the  dense  fluff,  which  settles  so  thickly  that  the  whole 
of  the  machines  have  to  be  thoroughly  cleaned  at  the  end  of  each 
day's  work.  After  having  been  inspected,  the  cloth  passes  through 
the  calendering  and  finishing  processes,  which  are  performed  by 
special  machinery.  The  cloth  is  then  wound  up  through  slits  in  the 
ceiling  into  the  storey  above,  where  it  is  lapped  by  machinery  in 
readiness  for  packing,  and  where  also  the  sacking  is  cut  into  proper 
lengths  and  then  sewn  by  machines  working  with  three  different 
kinds  of  stitch.  Small  wagons  on  rails  convey  the  bundles  of 
cloth  into  another  room,  where  goods  for  shipment  are  pressed  by 
hydraulic  presses  into  bales  of  great  solidity,  which  are  covered 
with  jute-cloth  and  hooped  with  steel  bands.  In  the  same  room 
several  printing  machines  are  employed  in  printing  names  on  the 
finished  sacks.  The  average  output  of  the  works  is  140  tons  per 
week ;  and  1700  hands  are  employed  in  the  factory,  in  addition  to 
fully  300  occupied  at  home  in  sack-sewing. 

From  thence  the  Members  proceeded  to  the  Barrow  Haematite 
Iron  and  Steel  Works.  These  are  shown  in  plan  on  Plate  34.  It 
will  be  seen  that  the  Iron  Works  on  the  west  and  the  Steel  Works 
on  the  east  are  separated  by  a  wide  tract  of  land,  occupied  by  sidings 
&c.,  and  by  a  group  of  Coppee  coke  ovens.  The  Iron  Works  consist 
mainly  of  a  row  of  tvvelve  blast-furnaces,  all  of  about  the  same 
dimensions,  62  ft.  high,  with  boshes  from  18  to  21^^  ft.  diam.  One 
furnace  has  three  Whitwell  stoves,  50  ft.  high  and  18  ft.  diam. ;  two 
others  have  Cowper  stoves  of  the  old  type ;  the  rest  have  the 
ordinary  cast-iron  pipe  stoves.  The  Cowper  stoves  are  about  to  have 
the  more  recent  improvements  addod,  which  will  double  their  power 
and  enable  them  to  blow  four  furnaces.  The  pig  beds  are  all  on 
the   east  side  of   the  furnaces,   and  face  toward  the  sidings  above 
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mentioned.  On  tho  west  side  are  the  liot-hlast  stoves,  twcnty-ono 
blowing  cnj^ines  with  their  boilers,  and  also  workshops,  locomotive 
shed,  S:c.  The  ore-mixing  sheds  lie  to  tlie  east,  beyond  the  sidings 
adjoining  the  pig  beds,  and  from  these  the  furniices  are  served  by 
inclined  hoists,  working  wrought-iron  carriages  so  built  as  to  have 
their  upper  platforms  horizontal.  Each  hoist  is  worked  by  a  pair 
of  winding  engines,  the  winding  drums  being  driven  by  friction  gear, 
and  fitted  with  steam  brakes  which  bear  into  the  grooves  of  the  drums. 
The  charge  per  ton  of  iron  made  is  about  35  cwt.  of  ore,  10  cwt.  of 
limestone,  and  21  cwt.  of  coke.  About  one-third  of  the  make  is  used 
for  steel  making;  and  this  is  all  carried  to  the  converter  in  the 
molten  state,  and  used  direct.  For  this  purpose  the  metal  is  run 
down  the  pig  bed  in  an  ordinary  sand  channel,  and  falls  into  a  large 
ladle  mounted  on  a  wagon,  which  is  brought  into  position  in  a 
sunken  siding  immediately  under  the  boundary  wall  of  the  pig-bed. 
Each  ladle  holds  about  8  tons  of  metal.  When  full,  the  iron  is 
stopped  off,  the  surface  is  covered  with  coal  dust,  and  the  ladle  is 
conveyed  over  about  1  mile  of  railway  to  the  converter,  without 
suffering  any  serious  loss  of  heat. 

The  Steel  Works  consist  of  three  large  parallel  sheds,  having 
converters  &c.  at  the  northern  end,  and  the  rolling  mills  and 
finishing  machinery  at  the  southern  end.  There  were  seven 
converters  at  work,  producing  altogether  from  2500  to  3000  tons 
per  week,  the  production  per  converter  being  much  greater  than 
formerly.  A  6-ton  Siemens  furnace  is  also  at  work,  and  two  10-ton 
fiirnuces  are  in  course  of  construction.  Eaised  sidings  have  been 
made  at  each  end  of  the  Bessemer  department  for  the  entrance  of  the 
wagons  containing  the  molten  metal,  which  is  thence  discharged 
direct  into  the  mouth  of  the  converters.  Immediately  to  the  south 
of  the  converters  are  the  steam  hammers  with  their  furnaces ;  and 
beyond  these  are  two  cogging  mills,  one  with  30-in.  and  one  with  36-in. 
rolls,  driven  by  a  pair  of  beam  engines,  and  fitted  with  reversing 
gear.  These  mills  deal  with  ingots  up  to  35  cwt.  each,  and  have 
dispensed  with  several  hammers  formerly  in  use.  South  of  these 
are  two   three-high   rail  mills  with   26-in.    rolls,    a  Galloway   tyre 
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mill,  and  a  26-in.  two-higli  reversing  rail  mill.  This  mill  is  driven 
by  a  pair  of  horizontal  engines,  with  Corliss  valves  worked  by 
eccentrics ;  and  the  reversal  of  the  motion  is  effected  by  shifting 
the  eccentrics  on  the  shaft.  At  the  extreme  end  of  the  sheds  arc  the 
rail  saws,  and  the  rail-straightening,  punching,  and  drilling  machines. 
To  the  south  of  the  sheds  is  a  range  of  seventy-two  gas  producers, 
supplying  gas  to  the  reheating  furnaces,  which  are  all  on  the  Siemens 
regenerative  system.  To  the  east  are  the  blast  engines  for  the 
Bessemer  plant,  with  range  of  boilers ;  and  beyond  these,  adjoining 
the  Walney  Road,  are  the  offices,  workshops,  and  laboratories,  the 
latter  containing  a  testing  machine  of  100  tons  maximum  pull. 

In  addition  to  the  inspection  of  the  works,  the  Members  witnessed 
the  casting  of  steel  ingots  under  steam  pressure,  on  the  plan  described 
by  Mr.  Davis  {ante,  p.  396).  On  this  occasion  the  top  was  keyed  on 
to  the  ingot  mould,  and  the  steam  pressure  applied,  in  less  than  30 
seconds  after  the  pouring  was  finished.  They  also  witnessed  the 
proof  of  a  small  boiler  of  mild  steel,  which  Mr.  J.  T.  Smith  had 
kindly  had  prepared  some  time  before  at  the  President's  request,  in 
order  to  show  the  effect  of  excessive  pressure,  applied  to  tough  ductile 
steel,  in  making  the  rivet-holes  draw  and  the  seams  leak,  without 
producing  any  ripping,  cracking,  or  bursting  effect.  The  boiler, 
shown  in  Figs.  20  and  21,  Plate  56,  was  made  of  ^-in.  steel  plates, 
with  dished  or  concave  ends,  the  diameter  being  48  in.,  diameter  of 
rivets  ^  in.,  and  the  pitch  (double-riveted)  being  1|  in.  on  one 
longitudinal  joint,  and  2  in.  on  the  other.  At  360  lbs.  per  sq.  in. 
the  leakage  in  the  l{-in.  joint  became  so  great  as  to  overpower  the 
pump.  It  transpired  that  the  boiler  had  been  similarly  tested  on  the 
previous  day,  when  a  pressure  of  420  lbs.  was  attained,  and  the 
leakage  then  overpowered  the  pump. 

In  the  evening  the  Annual  Summer  Dinner  of  the  Institution  was 
held  in  the  Market  Hall,  the  President  in  the  chair,  and  was  largely 
attended  by  both  Members  and  guests. 
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On  Thursday  afternoon,  Htli  August,  three  alternative  Excursions 
were  made  to  visit  some  of  the  iron  mines  and  blast  furnaces  in  the 
district.  These  excursions  w(tc  in  S2)ecial  trains,  provided  free  by 
the  kindness  of  tlie  Furness  Eailway  Company. 

Excursion  No.  1  proceeded  by  special  train  to  the  Blast  Furnaces 
of  the  North  Lonsdale  Iron  and  Steel  Company,  near  Ulverston, 
where  they  were  entertained  at  luncheon  by  the  Company,  represented 
by  Mr.  Wadham,  Mr.  Aymer  Ainslie,  and  Mr.  E.  G.  Tosh,  directors. 
The  plant  consists  of  four  furnaces,  height  75  ft.,  diam.  at  boshes  23  ft., 
diam.  at  hearth  8  ft.  The  blast  is  supplied  by  three  pairs  of  vertical 
direct-acting  blowing  engines,  32  in.  steam  cylinders,  66  in.  blowing 
cylinders,  fitted  with  expansion  gear  and  injection  condensers.  There 
are  eight  pipe-stoves  to  each  furnace,  fired  by  the  waste  gases,  and 
giving  a  total  heating  surface  of  9600  sq.  ft.  There  are  two  lifts, 
each  consisting  of  a  brickwork  tower,  divided  into  three  compartments. 
One  of  these  serves  as  a  staircase,  and  the  other  two  contain  cages, 
which  are  lifted  and  lowered  alternately  by  double-cylinder  winding 
engines  at  the  top.  The  boilers,  seventeen  in  number,  are  also  fed 
by  the  waste  gases,  which  are  mixed  with  air  and  ignited  in  a 
combustion  chamber  placed  in  front  of  each  boiler.  They  then  pass 
through  the  boiler  flue,  which  is  single,  crossed  by  ten  Galloway 
tubes,  return  underneath  the  boiler,  and  then  pass  downwards  into 
the  smoke  flue.  The  gantry  has  ten  spans,  and  is  laid  at  the  top  to  a 
gradient  of  1  in  144,  sloping  from  one  end  where  the  wagons  are 
raised  by  a  direct-acting  steam  lift,  diam.  of  cylinder  38  in.,  diam. 
of  piston-rod  5  in.,  to  the  other  end  where  they  are  lowered  by  a 
direct-acting  hydraulic  drop  on  the  cataract  principle.  The 
production  is  about  550  tons  per  furnace  per  week,  the  ore  being 
red  haematite  with  sonie  admixture,  and  the  fuel  being  coke  with  a 
small  quantity  of  Welsh  anthracite. 

From  the  Blast  Furnaces  the  party  returned  to  Lindal  station, 
and  thence  visited  the  Lindal  Moor  Iron  Mines,  under  the  guidance 
of  Mr.  Ray,  manager  to  Messrs.  Harrison,  Ainslie,  &  Co.  These 
mines  have  been  worked  for  many  generations,  and  their  present 
produce  is  at  the  rate  of  250,000  tons  of  ore  per  annum. 
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Excursion  No.  2  proceeded  first  to  the  Mines  at  Park  and  Koanhead, 
the  former  belonging  to  the  Barrow  Haematite  Steel  Company,  and  the 
latter  to  Messrs.  Kennedy  Brothers.  At  Eoanhead  they  were  entertained 
at  luncheon,  by  kind  invitation  of  Mr.  Myles  Kennedy.  Some  Members 
descended  the  "  Plunger  "  pit,  while  others  inspected  a  safety  apparatus 
for  cages,  in  which  the  breaking  of  the  rope  released  india-rubber 
tension  springs,  and  thereby  forced  eccentric  toothed  sectors  against  the 
vertical  guides,  the  cam  action  of  these  sectors  increasing  the  grip. 
Kennedy  and  Eastwood's  improved  rock  drill  was  also  seen,  boring 
IJ-in.  holes  in  mountain  limestone  at  about  o  in.  per  minute.  The 
air  cylinder,  12  in.  diam.,  admits  the  air  tLrough  holes  pierced  round 
the  middle  of  its  length,  so  that  the  compression  takes  place  during 
the  latter  half  of  the  stroke  only  ;  admission  valves  &c.  are  thus 
done  away  with.  At  the  "  Wilfred  "  pit  was  seen  a  winding  engine 
with. brake  sheave  on  the  drum  shaft,  and  brake  blocks  applied  direct 
by  a  short  single-acting  steam  cylinder. 

From  Eoanhead  the  party  walked  to  the  new  sinking  of  the 
Sandscale  Mining  Comj)any.  Owing  to  the  great  amount  of  water 
found  in  the  sand,  the  Gill  system  of  sinking  was  about  to  be  adopted  ; 
but  as  the  apparatus  had  not  arrived,  the  company  were  using  one 
of  Mather  and  Piatt's  shell  pumps,  which  is  worked  as  follows.  A 
rope  from  a  steam  winch  passes  down  the  shaft,  and  is  attached  to  the 
piston-rod  of  an  iron  cylinder  about  10  ft.  long  by  2  ft.  diam.,  with  a 
sharp  bottom  edge.  The  piston  has  an  india-rubber  valve  opening 
upwards ;  and  sand  is  gradually  forced  through  this  valve  into  the 
space  above  the  piston  by  alternately  dropping  the  cylinder  to  the 
bottom  and  lifting  it  again.  When  the  cylinder  has  thus  been  filled, 
the  sand  is  emptied  into  a  reservoir  in  the  bottom  of  the  shaft,  from 
which  it  is  raised  by  a  second  rope ;  only  a  portion  of  the  bottom 
being  acted  upon  at  one  time  by  the  dropping  cylinder. 

In  tlie  Gill  system  of  sinking,  a  vertical  steam  cylinder  is  fixed 
at  the  top  of  the  shaft,  having  a  hollow  juston-rod  passing  through 
both  cylinder-ends.  Through  this  rod  a  rope  passes,  and  is  clamped 
to  it  when  required.  The  rope  is  led  down  the  shaft,  and  attached 
at  the  bottom  to  the  pump-rod  of  a  bucket  pump,  fixed  on  the  top  of 
a  wrought-iron  vertical  receiver.      This  receiver   has  a   removable 
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bottom,  to  wliicli  is  fixed  an  inlet  i)ipc,  wLicli  passcK  up  through  the 
bottom  and  reaches  to  witliin  G  in.  of  tlio  top.  Tlio  rope  is  first 
slacked  out  enough  to  let  tlio  pump  bucket  fall  to  the  bottom  of  the 
pump  barrel :  it  is  then  clamped  to  the  2)i.ston-rod  of  the  steam  cylinder, 
and  steam  is  admitted  to  raise  the  piston.  This  in  rising  draws  up  the 
rope  and  pump  bucket,  and  tlnis  sucks  the  sand  up  through  the  inlet 
pipe,  a  certain  amount  falling  over  the  top  of  the  inlet  i)ipo  into  the 
interior  of  the  receiver.  The  same  happens  at  each  stroke  of  the 
steam  cylinder,  until  the  receiver  is  full.  The  rope  is  then 
undamped,  the  receiver  is  drawn  up  to  the  top  of  the  shaft,  emptied 
by  removing  the  bottom,  and  lowered  again;  and  the  process  then 
begins  afresh. 

From  Sandscale  the  party  walked  to  the  Blast  Furnaces  at  Askam. 
Here  there  are  four  furnaces,  each  capable  of  making  500  to  550 
tons  per  week.  The  gantry  lift  is  of  the  direct-acting  steam  type, 
but  the  furnaces  are  served  by  inclined  lifts,  similar  to  those  at 
the  Barrow  Steel  Works.  The  blast  is  produced  by  six  vertical 
blowing  engines,  four  of  them  having  the  crank-shaffc  at  the  floor 
level,  the  steam  cj^lindor  above,  and  the  blowing  cylinder  above  this 
again,  with  the  slide-bars  and  cross-head  between  the  two.  One  of 
the  engines  has  a  piston-rod  15  in.  diam.,  giving  a  diminished  piston 
area  in  the  downward  stroke,  to  counterbalance  the  descending 
weights.  The  engines  are  compounded  together  in  threes,  the  central 
engine  being  fitted  wdth  condenser  and  air-pump,  a  ad  receiving  the 
exhaust  steam  from  both  the  other  engines. 

Excursion  No.  3  was  to  the  Millom  Blast  Furnaces  and  Hodbarrow 
Mines,  situated  in  Cumberland  to  the  north  of  the  Duddon  estuary 
(see  Plate  46).  The  party  proceeded  by  special  train  to  Millom, 
where  they  were  entertained  at  luncheon  by  the  Cumberland  Iron 
Mining  and  Smelting  Company,  represented  by  the  managing  'director, 
Mr.  Thomas  Massicks,  and  the  Hodbarrow  Mining  Company, 
represented  by  the  manager,  Mr.  Cedric  Vaughan.  They  then 
inspected  the  Millom  Blast  Furnaces,  which  were  started  about 
fifteen  years  ago,  but  have  recently  been  entirely  rebuilt,  with  all 
the  most  modern  improvements.     They  are  70  ft.  high,  21  ft.  diam. 
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at  boshes,  and  produce  each  ahout  500  tons  per  week.  There  arc 
five  blowing  engines,  three  being  of  the  inverted  direct-acting  class, 
and  two  being  beam  engines,  with  the  piston-rod  attached  between 
the  connecting-rod  end  of  the  beam  and  the  centre,  so  that  the 
piston-stroke  is  9  ft.,  while  the  crank-stroke  is  11  ft.  The  blowing 
cylinders  are  at  the  other  end  of  the  beam,  and  are  100  in.  diam. 
The  condensing  water  is  supplied  by  one  of  Hathoru  Davey  &  Co.'s 
compound  direct-acting  pumping  engines.  The  works  are  remarkable 
for  the  extensive  and  complete  system  of  Whitwell  stoves,  the  capacity 
of  which  was  being  further  increased  at  the  time  of  the  visit ;  and 
for  their  extensive  depot  accommodation  for  the  storage  cf  iron  ore, 
coke  &c.  The  railway  wagons  travel  from  the  branch  connection 
with  the  Furness  Eailway  by  gravitation  to  a  vertical  hoist,  by  which 
they  are  lifted  35  ft.  high  to  the  top  of  the  depot.  The  railway  at 
the  top  of  the  depot  has  a  slight  inclination  downwards,  which  admits 
of  the  wagons  being  placed  without  power  wherever  they  are  required 
to  be  discharged;  and  when  empty  they  run  do^n  a  long  incline 
joining  the  Furness  Eailway.  Over  7,000  tons  per  week  of  raw 
material  are  thus  discharged,  so  that  this  self-acting  arrangement  has 
considerable  importance.  The  company  are  extensive  mine-owners 
in  both  the  Cumberland  and  the  Furness  haematite  districts. 

Thence  the  party  were  taken  by  an  engine  to  the  Hodbarrow 
Mines,  which  are  among  the  richest  and  most  extensive  in  the 
haematite  district.  They  first  saw  a  great  circular  hollow,  about  500  ft. 
diam.  by  60  ft.  deep,  marking  where  the  surface  had  sunk  down  over 
a  worked-out  basin  of  ore.  There  are  several  such  basins  in  this  mine, 
the  largest  of  which  is  still  unworked.  At  the  *'  Arnold"  pit  a  new 
direct-acting  pumping  engine  was  exhibited,  70  in.  cylinder,  9  ft. 
stroke.  A  new  sinking  was  also  seen  in  progress,  carried  on  under 
water  by  Mather  and  Piatt's  process,  a  diver  being  employed  to 
remove  boulders  occurring  in  the  clay,  which  were  obstructing  the 
descent  of  the  cylinders. 

The  parties  from  all  three  excursions  were  united  at  Foxfield 
Junction,  and  taken  by  special  train  to  Coniston,  where  they  dined 
together  in  the  grounds  of  the  Waterhead  Hotel.     An  excursion  was 
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afterwards  made  on  the  lake  in  the  steam  gondola,  a  small  steamer 
which  has  worked  on  the  lake  for  21  years,  and  still  retains  her 
original  boiler,  of  the  semi-portable  type,  with  crucible  steel  fire-box. 


On  Friday  an  Excursion  was  made  to  Windermere,  by  the  kind 
invitation  of  the  Barrow  H?ematite  Steel  Company.  The  Members 
were  conveyed  by  special  train  to  Lakeside,  where  they  embarked  on 
the  steamer  Sican,  and  traversed  the  whole  length  of  the  lake  to 
Ambleside.  After  a  short  stay  there  the  steamer  returned  to  Bowness, 
where  the  i^arty  were  hospitably  entertained  at  luncheon  by  the 
Company,  Mr.  Schneider  occupying  the  chair.  On  this  occasion 
he  gave  some  interesting  particulars  as  to  the  rise  of  the  Furness 
iron  industry,  for  which  see  ante,  p.  377.  After  luncheon  the  party 
were  again  conveyed  to  the  head  of  the  lake,  and  thence  returned  to 
Lakeside,  whence  a  special  train  brought  them  to  Barrow. 
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Institution  of  Hctljaracal  (Bi^imxs. 


PEOCEEDINGS. 


October  1880. 


The  Autumn  Meeting  of  Ihe  Institution  was  held  in  the  Memorial 
Hall,  Albert  Square,  Manchester,  on  Friday,  29th  October,  1880,  at 
Three  o'clock  p.m.  ;  Edward  A.  Cowpee,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Members  had  been  opened  by  a  Committee  of  the  Council,  and 
that  the  following  New  Members  were  found  to  be  duly  elected  : — 


MEMBERS. 

William  Worry  Beaumont, 

Eichard  William  Deacon.  . 

James  Donald, 

Robert  Pile  Doxford, 

Oswald  William  Ellis, 

John  Harry  Hallett, 

John  Eobert  Jeffeeies, 

Thomas  Massicks, 

Thomas  Sutton, 

Thomas  William  Thompson, 

John  William  Hudson  Westmoreland, 

William  Yates, 


London. 

Sourabaya,  Java. 

Bombay. 

Sunderland. 

Edinburgh. 

Cardiff. 

Ipswich. 

Millom. 

Barrow-in-Furness. 

Birkenhead. 

Nottingham. 

Manchester. 


The  President  announced  that  the  President,  two  Vice-Presidents, 
and  five  Members  of  Council,  would  go  out  of  office  at  the  ensuing 
Annual  General  Meeting,  according  to  the  Rules  of  the  Institution  ; 


and  that  the  list  of  those  retiring  was  as  follows  :- 


2  p 
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rilESIDENT. 


Edward  A.  Cowper, 


LondoD. 


TWO    VICE-PRESIDENTS. 

Charles  Cochrane,     .  .  .  Stourbridge. 

Francis  W.  Webb,  .  .  .     Crewe. 


FIVE    members    of    COUNCIL. 


Henry  Chapman,    . 
David  Greig,     . 
Thomas  K.  Hetherington, 
Arthur  Paget, 
George  B.  Rennie, 


London. 

Leeds. 

Manchester. 

Lougliborough. 

London. 


The  whole  of  the  above  gentlemen  offered  themselves  for 
re-election,  and  he  therefore  presented  the  above  list  as  that  of 
the  retiring  Members  of  Council  who  offered  themselves  for  re- 
election at  the  next  Annual  General  Meeting. 

In  addition  to  these  he  nominated  the  following  Members  as 
candidates  for  election  at  the  same  Meeting  : — 


Election 
as  Member. 


vice-president. 


1859.     Daniel  Adamson, 


Manchester. 


members  of  council. 
1856.     Charles  Markham, 
1861.     Samuel  W.  Johnson, 
1865.     Francis  C.  Marshall,  . 

1865.  Bernhard  Samuelson,  M.P., 

1866.  Sir  James  Eamsden, 


Chesterfield. 
Derby. 

Newcastle-on-Tyne. 

London. 

Barro  w-in-  Furness . 


According  to  the  Rules  of  the  Institution,  it  was  now  open  to  any 
gentleman  to  propose  any  name  in  addition  to  those  candidates. 


Mr.  R.  Price    Williams  begged  to  nominate  as  a   Member   of 
Council ; — 

1817.     Richard  Peacock,  .  .  .     Manchester. 
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The  PaESiDENT  reminded  the  Meeting  that  if  any  Member  had 
any  motion  to  propose  at  the  Annual  Meeting,  notice  must  be  given 
of  it  at  the  present  Meeting. 

No  such  notice  was  given,  and  the  following  paper  was  then 
read : — 


P  2 
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ON  RECENT  IMrROVEMENTS  IN  THE  MACHINERY  FOR 
PREPARING  AND  SPINNING  COTTON. 


By  Mr.  ELI  SPENCER,  of  Oldham. 


Tlio  present  paper  has  been  written  in  compliance  with  tlie  request 
of  the  President,  and  is  intended  to  describe  the  main  improvements 
in  Machinery  for  Preparing  and  Spinning  Cotton,  made  since  the  date 
of  the  paper  read  before  the  Institution  by  the  late  Mr.  John  Piatt, 
at  the  meeting  held  in  Manchester  in  1866.* 

Opening  and  Cleaning  Machines. 

Machines  for  opening,  cleaning,  scutching,  and  forming  cotton 
into  laps,  to  be  fed  up  to  the  carding  engines,  have  undergone  very 
little  change  in  design  since  1866 ;  but  changes  have  been  made  to 
economise  labour  by  shortening  operations,  e.g.  the  use  of  single 
instead  of  double  machines,  and  a  better  disposition  and  arrangement 
of  the  machines  in  the  mills. 

Tlie  Carding  Engine. 

The  principal  change  under  this  head  has  been  the  supplanting  of 
the  finisher  carding  engine  by  the  combing  machine. 

For  carding  cotton  for  coarse  numbers  or  counts,  the  roller  and 
clearer  engine  is  still  preferred ;  but  for  medium  and  fine  counts  the 
self-stripping  flat  card  is  much  more  extensively  used.  This  machine 
is  now  made  with  a  great  perfection  of  accuracy,  and  supersedes  to  a 
large  extent  that  class  of  labour  in  the  cotton  mill  which  is  the  most 
difficult  to  control. 

Steel  instead  of  iron  wire  is  now  more  generally  used  for  card 
teeth.  Its  advantage  over  iron  is  that  it  can  be  drawn  finer,  and  will 
thus  give  more  points  in  a  given  surface  ;  it  also  admits  of  being 
hardened,  and  carries  a  finer  point ;  while,  as  the  hard  points  keep 
their  sharpness  for  a  longer  period,  less  grinding  is  required,  and  the 
wear  and  tear  are  reduced. 

*  See  Proceedings,  1866,  p.  199. 
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The  Combing  MacMne, 
Cotton  intended  to  be  worked  into  the  finer  qualities  of  yarn  is 
now  generally  combed,  instead  of  being  carded  by  a  finisher  card. 
The  combing  machine  is  thus  becoming  one  of  the  most  important 
machines  in  the  cotton  trade.      On  its  introduction  to  this  country  in 
1851,  it  was  used  for  Nos.  200  to  300  only  (where  No.  200  means 
that  '200   hanks,  each  containing  840  yards,  weigh  1  lb.) ;  but  m 
recent  years,  owing  to  the  demand  for  a  better  class  of  yarns,  for 
sewing  and  other  purposes,  its  use  has  rapidly  extended,  and  at  the 
present  time  numbers  as  coarse  as  30  to  40  are  made  from  combed 
cotton.      When  a  clear,  strong,  and  uniform  thread  is  required,  the 
combing  machine  is   indispensable,  as   it    completely  separates  the 
long  fibres  from  the  short  ones,  which  the  carding  engine  does  only 

partially. 

Cotton  that  is  to  be  combed  is  opened,  cleaned,  and  carded  on  t.e 
breaker  card,  and  the  sliver  is  delivered  into  cans.  A  number  of 
these  are  put  up  behind  a  drawing  frame,  and  their  slivers  passed 
through  it,  to  be  drawn,  straightened,  and  laid  parallel.  By  drawing 
the  slivers  once  or  twice  through  the  drawing  frame,  the  loops  and 
kinks  are  to  a  great  extent  taken  out,  and  less  waste  is  made.  About 
fourteen  cans  of  the  sliver,  thus  made  on  the  drawing  frame,  are 
doubled,  and  united  at  the  lap  machine  so  as  to  form  a  lap  TJ  inches 
wide,  which  is  then  passed  through  the  combing  machine. 

The  details  of  this  machine  are  so  well  known  from  papers  and 
books  already  published,*  that  a  full  description  is  unnecessary  here 

The  machine  invented  by  Heilmann  was  the  first  successful 
machine  for  combing  cotton,  and  in  its  principal  features  it  remains 
as  it  was  originally  brought  out.  Many  attempts  have  been  made  to 
supersede  it,  by  Lister,  Whipple,  Imbs,  Lacour,  Heilmann-Ducommm 
and  others  ;  but  it  has  always  maintained  its  position.  Its  mechanical 
details  however  have  been  much  improved  during  the  last  ten  years, 
in  order  to  obtain  higher  speeds  and  greater  production;  and  now 
80  nips  per  minute  are  obtained,  whereas  formerly  not  more  than 


See  "  Great  Industries  of  Great  Britain,"  by  Cassell  Fetter  &  Galpin,  page  291. 
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GO  to  G5  per  minute  were  made.  The  machines  are  also  made  of 
greater  length,  and  their  production  has  been  proi^ortionally  increased, 
so  that  an  8-head  machine  produces  250  lbs.  per  week  of  5G^  hours. 

The  improvements  introduced  since  18G6  are  as  follows : — 
(1)  The  machine  is  better  constructed,  many  of  its  parts  are  made 
interchangeable,  and  some  of  them  have  been  removed ;  (2)  By  the 
application  of  nipper  cams  at  both  ends  of  the  machine,  torsion  is 
prevented,  and  a  better  nip  is  secured ;  (3)  The  machines  are  now 
made  of  8  to  10  heads,  or  deliveries  in  length,  instead  of  4  to  6  ; 
(4)  All  the  cams  for  giving  reciprocating  motion  have  been  set  out 
afresh ;  they  are  now  cut  by  machinery,  and  smoother  action, 
increased  speed,  and  greater  production  are  ensured ;  (5)  An  improved 
stop  motion  has  been  applied,  to  stop  the  machine  in  case  of  sliver 
breakage,  or  when  the  lap  is  run  off;  (6)  A  stop  motion  has  also 
been  applied  to  the  coiler,  to  stop  the  machine  in  case  of  roller  lap, 
or  when  breakage  of  the  sliver  at  the  draw-box  occurs ;  and  another 
apparatus,  to  stop  the  machine  when  the  can  is  full,  has  been 
introduced ;  (7)  A  motion  has  also  been  applied  to  give  a  horizontal 
movement  to  the  comb  brush,  for  the  better  cleaning  of  the  circular 

comb. 

The  Draicing  Frame. 

The  general  arrangements  of  this  machine.  Figs.  1  to  5,  Plate 
72,  are  the  same  as  described  in  the  former  paper,  but  some 
improvements  in  detail  have  been  introduced.  The  bottom  rollers  A, 
Fig.  1,  are  case-hardened,  so  as  to  resist  the  severe  strain  put  upon 
them.  The  gearing  for  connecting  the  four  lines  of  bottom  drawing 
rollers  is  arranged  at  the  driving  end  of  the  frame.  Figs.  2  to  5,  so 
that  each  roller  starts  at  the  same  time ;  this  secures  a  more  certain 
and  uniform  drawing  of  the  cotton  sliver  than  when  the  connection 
is  made  at  both  ends,  as  heretofore.  It  also  prevents  "  cut  "  places  in 
the  sliver,  when  the  frame  is  started  after  a  broken  sliver  has  been 
pieced.  The  first  or  front  roller  and  the  fourth  or  back  roller  are 
connected  by  a  "crown  wheel"  arrangement.  Fig.  4;  and  the  two 
intermediate  rollers  are  connected  with  the  back  roller  by  separate 
carriers,  Fig.  2,  either  of  which  may  be  altered  without  affecting  the 
speed  of  the  other  roller.     The  wheels  and  pinions  employed  are  of 
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much  larger  diameters  than  those  formerly  used,  and  arc  capable  of 
giving  much  finer  variations  in  the  "  count "  or  weight  of  the  sliver 
produced.  When  the  draft  is  changed,  no  difference  is  made  in  the 
intermediate  or  "  breakage "  drafts.  The  operation  of  changing  is 
so  much  simpler  that  less  skilled  "  carders  "  or  overlookers  may  be 
employed :  in  the  old  arrangement  the  relation  between  the  several 
rollers  was  so  difficult  to  understand  that  mistakes  were  continually 
being  made.  It  was  then  found  more  convenient  to  change  the  draft 
between  the  third  and  fourth  rollers  than  between  the  first  and 
second,  where  however  the  change  ought  to  he  made,  since  the  greatest 
amount  of  elongation  of  the  sliver  takes  place  here. 

A  much  more  substantial  and  convenient  support  is  given  to  the 
gearing,  as  shown  in  Figs.  2  to  5,  Plate  72  ;  the  drawing  operations 
are  thus  made  smoother  and  easier,  and  the  quality  of  the  slivers  is 
improved.  Front  stop  motions  are  now  universally  employed,  and 
are  made  very  sensitive  and  quick  in  action ;  a  great  deal  of  waste  is 
thus  prevented  and  better  work  is  produced.  The  back  stop  motions 
are  also  constructed  to  act  with  greater  promptitude  when  a  sliver 
breaks,  thereby  stopping  the  frame  before  the  broken  sliver  has 
passed  under  the  back  roller,  and  enabling  the  piecing  to  be  made 
before  the  end  is  lost,  as  seen  at  B  in  Fig.  1. 

The  Knocking-Off  motion.  Fig.  1,  is  the  apparatus  by  means 
of  which  these  various  stop  motions  are  enabled  to  stop  the 
machine.  It  is  similar  to  the  old  one  in  its  principal  features  ;  but 
it  is  simpler  and  easier  in  its  action,  and  requires  very  little  force 
to  bring  it  into  operation  ;  consequently  it  acts  very  quickly,  and  is 
not  liable  to  derangement.  At  C,  Fig.  1,  is  an  eccentric,  which 
causes  the  inclined  rod  D  to  reciprocate,  and  at  the  upper  end  of 
this  rod  is  a  slot  E  oblique  to  the  length  of  the  rod  :  midway  upon 
the  rod  stands  a  projecting  snug,  ready  for  lifting  the  bar  F  out  of  a 
notch  at  the  proper  time,  and  liberating  it.  A  lever  fastened  on  the 
oscillating  shaft  G  carries  a  stud,  which  fits  into  the  oblique  slot  E 
in  the  rod  D ;  and  the  weighted  lever  H,  also  fixed  on  the  shaft  G, 
keeps  the  stud  pressed  against  the  outer  end  of  the  slot,  so  that  the 
shaft  G  is  rocked  by  the  reciprocating  movement  of  the  rod  D. 

The  knocking-off  action  may  be  illustrated  by  the  Back  Stop 
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motion,  Fig.  1.  The  cotton  sliver  passing  over  the  tumbler  B  is  shown 
broken,  and  the  tumbler  has  been  liberated,  which  allows  its  weighted 
lower  end  to  drop,  and  so  to  come  in  contact  with  an  arm  projecting 
from  the  back  of  the  shaft  G,  and  thereby  to  arrest  the  rocking 
of  the  shaft.  The  stud  E  thus  becomes  stationary ;  and  the  rod  D 
continuing  its  reciprocating  motion,  the  oblique  slot  causes  the  upper 
end  of  the  rod  to  rise  upon  tlie  stud,  and  so  brings  the  projecting 
snug  up  against  the  bar  F,  which,  being  thus  lifted  and  liberated 
from  its  notch,  shifts  the  driving  strap  from  the  fast  to  the  loose 
pulley. 

The  Front  Stop  motion  is  also  shown  in  Fig.  1.  At  J  is  a 
funnel-shaped  guide,  through  which  the  drawn  sliver  passes  on  its 
way  from  the  front  roller  to  the  pair  of  calender  rollers  K.  The  sliver 
passes  in  at  the  large  end  of  the  funnel,  and  out  at  the  small  end, 
which  is  contracted  until  it  requires  a  considerable  pull  to  draw  the 
cotton  through  it.  The  guide  J  is  carried  on  the  front  end  of  a  lever, 
of  which  the  back  end  I  is  the  heavier,  and  tends  to  tilt  the  guide 
upwards.  L  is  a  reciprocating  rod,  connected  with  an  arm  on 
the  oscillating  shaft  G,  and  having  a  notch  in  its  front  end.  The 
heavy  tail  I  of  the  guide  lever,  when  liberated  by  the  breaking' of 
the  sliver,  drops  into  this  notch,  thus  arresting  the  motion  of  the 
rod  L,  and  therefore  of  the  shaft  G  and  stud  E.  This  brings  the 
stop  motion  D  F  into  action  as  before  described,  and  at  once  stops  the 
machine. 

A  Can  Stop  motion  is  now  used,  which  stops  the  machine  when 
the  receiving  can  is  full.  This  apparatus  consists  of  a  false  bottom  N 
to  the  coiler  wheel  M,  Fig.  1.  The  plate  N  forming  this  false  bottom 
is  weighted  by  a  ring  above,  which  is  varied  in  weight  to  suit  the 
count  of  sliver  to  be  contained  in  the  can.  The  finer  the  sliver, 
the  lighter  the  ring.  Fine  drawings  will  not  admit  of  being  pressed 
so  tightly  in  cans  as  coarse  ones.  When  the  can  is  filled  sufficiently 
to  lift  up  the  loose  plate  N  close  to  the  coiler  wheel  M,  a  vertical 
stop  S  is  raised  in  front  of  the  end  of  a  reciprocating  bar  P,  connected 
with  the  oscillating  shaft  G,  and  the  machine  is  stopped  as  before 
described. 

It  is  found  very  advantageous  to  put  the  same  length  of  cotton 
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sliver  in  cacli  can,  so  that  when  they  are  all  placed  up  to  the  next 
passage  of  drawing,  or  to  the  slubber,  they  will  all  be  emptied  at  the 
same  time.  By  this  means  the  attendant  knows  which  cans  require 
replacing,  without  looking  into  more  than  one.  When  the  quantities 
in  the  cans  vary,  the  "  tenter  "  is  compelled  to  look  well  after  them, 
otherwise  the  machines  will  stop  very  often.  Another  great  objection 
to  the  old  system  is  the  liability  of  the  can  to  be  filled  until  no  more 
can  be  forced  into  it,  thus  damaging  the  sliver  and  often  breaking  the 
coiler  tops.  By  using  the  can  stop  motion  the  work  of  the  tenter  is 
more  systematic,  and  a  greater  weight  is  got  through  the  drawing 
frame  with  at  the  same  time  a  slower  speed  of  the  front  roller. 

The  use  of  loose-bossed  top  rollers  has  now  become  almost 
universal  for  drawing  frames.  Fig.  1.  Another  important  improvement 
in  drawing  frames  is  the  application  of  a  patent  Clearer  for  the  top 
rollers.  It  consists  of  an  endless  clearer  cloth,  driven  positively  by 
gearing  at  a  very  slow  rate,  with  arrangements  for  stripping  it 
mechanically.  Its  great  cost  however  has  prevented  its  general 
adoption. 

Electricity  has  in  some  instances  been  employed  as  a  stop  motion 
in  these  machines,  with  more  or  less  success ;  but  its  adoption  has 
been  by  no  means  general,  and  the  limits  of  this  paper  will  not  permit 
further  observations  upon  it. 

Sluhhing,  Intermediate,  and  Boving  Frames. 

The  improvements  introduced  into  slubbing,  intermediate,  and 
roving  frames  consist  of  better  winding  apparatus,  stronger  spindles, 
steel  flyers,  case-hardened  rollers,  stopping  and  lock  motions  &c. 

On  the  question  whether  the  bobbin  or  the  flyer  should  lead,  in  the 
winding  of  the  thread  or  sliver  upon  the  bobbins  in  these  machines, 
there  lias  been  a  great  change  in  practice  since  1866  (see 
Proceedings  1866,  p.  222).  Formerly  nearly  all  machines  were 
made  with  the  flyer  to  lead,  especially  when  pressed  flyers  were 
used;  whereas  now  the  demand  of  the  trade  is  almost  universal 
for  the  bobbin  to  lead.  The  latter  arrangement  increases  the  duty 
of  the  differential  motion,  and  requires  more  perfect  control  of  this 
apparatus.     Hence  the  cones  employed  for  driving  the  differential 
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motion  revolve  at  very  much  quicker  velocities  than  formerly ; 
in  some  cases  at  double,  and  in  others  at  treble  the  old  rate. 
The  cones  arc  placed  further  aj^art,  so  as  to  give  a  much  longer  belt  ; 
thus  transmitting  the  necessary  power  with  less  strain  on  the  belt, 
and  imparting  more  uniform  winding. 

In  all  these  machines  the  spindles  always  start  before  the  bobbins, 
because  the  connection  of  the  spindle  with  the  driving  pulley  is 
positive,  by  gearing  ;  while  the  power  for  driving  the  bobbin,  having 
to  pass  through  a  differential  apparatus,  and  not  being  positive  on 
account  of  the  belt,  cannot  take  up  the  backlash  so  quickly.  When 
the  flyer  leads  there  is  a  tendency  to  stretch  the  roving.  When  the 
bobbin  leads  there  is  a  slight  slackening  of  the  sliver,  which 
however  is  immediately  taken  up  when  the  bobbin  has  got  into 
motion. 

Attempts  have  been  made  from  time  to  time  to  dispense  with  cones 
and  belts  for  regulating  the  winding  of  these  frames,  and  to  substitute 
metallic  apparatus ;  but  hitherto  they  have  been  unsuccessful. 

The  increased  speed  of  spindles,  and  the  general  use  of  single- 
pressed  flyers,  i.e.  with  a  pressor  on  one  leg  only,  have  rendered  it 
necessary  to  strengthen  the  spindles,  to  enable  them  to  stand  the 
extra  duty  imposed  upon  them.  A  higher  standard  of  efficiency  is 
now  required  to  produce  the  quality  of  work  demanded  by  modern 
competition.  This  has  done  much  to  bring  into  larger  use  long 
collars  or  bearings,  to  enable  the  spindles  to  stand  the  strain  of 
the  comparatively  unbalanced  single-pressed  flyer.  It  is  found  in 
practice  that  nicer  work  can  be  obtained  from  single-pressed  flyers 
than  from  double-pressed:  this  is  especially  true  when  making 
finer  hank  rovings,  say  above  9  or  10  hanks  in  the  pound.  The 
effect  produced  by  the  double  presser  upon  the  bobbin  is  a  very 
undesirable  one;  and  the  finer  the  count  or  hank,  the  greater  the 
objection. 

Flyers  without  pressers,  for  soft  bobbins,  are  still  used  for  the 
finest  counts  of  yarn,  and  will  always  surpass  pressed  bobbins  where 
excellency  alone  is  desired ;  but  the  perfection  of  modern  flyers,  and 
the  necessity  of  keeping  down  the  cost  of  production  of  yarn, 
have  caused  the  adoption  of  pressed  bobbins,  even  up  to  24  hank 
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roving.     The  pressed   bobbin  contains  about  double    the    quantity 
of  roving,  and  lessens  the  labour  of  "  creeling  "  in  the  after  processes. 

The  best  flyers  are  now  made  of  solid  steel.  They  are  much 
lighter,  will  stand  a  much  finer  polish,  and  allow  of  being  worked 
into  shape  without  fear  of  cracks  inside  their  hollow  legs.  The 
slightest  roughness  inside  the  legs  catches  the  fibres  of  cotton,  and 
causes  the  work  to  be  badly  done,  and  the  ends  of  the  sliver  to  break. 

Machines  have  long  been  made  to  stop  when  a  sufficient  quantity 
of  roving  has  been  wound  on  the  bobbins.  The  best  kind  are  now 
fitted  with  a  lock  motion,  Fig.  6,  Plate  73,  by  which,  after  stopping, 
it  is  rendered  impossible  to  set  the  frame  to  work  again  until  the  full 
bobbins  have  been  replaced  with  empty  ones,  and  all  is  made  ready 
for  another  start.  Before  this  improvement  was  applied,  tenters  had 
a  bad  habit  of  setting  the  frame  to  work  again,  after  the  ordinary 
stop  motion  had  stopped  the  frame,  by  holding  the  strap  on  the 
fast  pulley,  until  the  bobbin  was  as  large  as  the  flyer  would 
permit  without  breaking  the  ends.  The  result  was  very  bad  work ; 
the  slivers  were  stretched  and  made  very  rough,  and  the  flyer  legs 
were  often  strained  out  of  their  proper  position  and  balance. 

This  Lock  motion.  Fig.  6,  Plate  73,  is  controlled  by  the  rack  of  the 
cone  motion.  C  Care  the  cones  for  driving  the  differential  "jack-in- 
the-box  ;"  the  strap  A  is  slid  along  them  by  the  forks  F  F,  which  are 
fastened  to  one  end  of  the  rack  D  sliding  in  a  grooved  rail  E.  At  the 
other  end  of  the  rack  is  an  adjustable  bracket  B.  Gearing  into  the 
rack  D  is  a  pinion  on  the  vertical  shaft  G,  at  the  top  of  which  shaft 
is  a  cord  pulley.  The  weight  H  suspended  from  the  cord  tends  to 
turn  the  shaft  G  and  its  pinion,  and  so  to  make  the  rack  travel 
towards  the  cones.  At  the  bottom  of  the  shaft  G  is  a  ratchet  wheel  J, 
controlled  by  the  well  known  apparatus  called  the  "  box  of  tricks." 
This  apparatus  allows  the  ratchet  to  turn  on  its  axis  through  one 
tooth,  at  each  rise  and  each  fall  of  the  lifting  rail  which  carries 
the  bobbins.  Each  rise  and  each  fall  of  the  lifting  rail  corresponds 
with  one  layer  of  roving  wound  on  the  bobbin.  The  strap  A  is  thus 
gradually  traversed  from  one  end  of  the  cones  to  the  other,  by 
means  of  the  motion  of  the  shaft  G,  communicated  to  the  rack  D. 

The  ordinary  setting-on  rod  MM   slides  endwise  in  the  frame. 
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and  is  connected  with  the  strap-guidcr  of  the  fast  and  loose  driving 
l)ullcys ;  NN  are  the  ordinary  handles  used  by  tlie  tenter  for  starting 
and  stopping  the  frame  ;  and  K  is  an  arm  fixed  npon  the  setting-on 
rod  M.  The  slide-bar  I L,  sliding  in  fixed  brackets,  has  two  notches 
in  it,  I  and  L,  and  carries  a  projecting  lug  P,  to  which  is  hooked  one 
end  of  a  coiled  spring  (shown  broken),  its  other  end  being  hooked  to 
the  fixed  bracket  T  on  the  frame  ;  the  spring  therefore  tends  to  pull 
the  slide-bar  I L  towards  T,  into  the  position  indicated  by  the  dotted 
lines.  Catches  ready  to  fall  into  the  notches  I  and  L  are  carried 
upon  arms  turning  loose  on  a  centre-pin,  from  which  is  also  suspended 
the  lever  R.  On  this  lever  is  a  stud  S,  which  is  suitably  placed  for 
acting  on  the  tail  ends  of  the  catches,  and  is  shown  holding  the 
left-hand  catch  clear  above  the  slide-bar  I. 

The  parts  are  shown  in  the  position  they  occupy  just  previous 
to  the  lock  motion  being  brought  into  operation.  The  right-hand 
catch  is  resting  in  the  notch  L  of  the  slide-bar,  thus  preventing  the 
spring  from  moving  it.  When  the  bobbins  are  full,  the  bracket  B 
will  have  pushed  the  lever  R  far  enough  aside,  as  shown  by  the 
dotted  lines,  to  lift  the  catch  out  of  the  notch  L ;  thus  releasing  the 
slide-bar,  and  allowing  the  spring  to  pull  it  towards  the  right-hand, 
and  with  it  the  setting-on  rod  M  by  means  of  the  arm  K,  and  so 
to  shift  the  driving  belt  from  the  fast  to  the  loose  pulley,  and  stop 
the  frame.  The  tilting  of  the  lever  E,  as  shown  in  dotted  lines, 
removes  the  stud  S  from  contact  with  the  tail  end  of  the  left-hand 
catch,  and  allows  this  catch  to  fall  into  the  notch  I  of  the  slide-bar, 
thereby  locking  the  slide-bar  in  the  position  indicated  by  the  dotted 
lines. 

The  left-hand  catch  and  the  upper  part  of  the  lever  R  are 
enclosed  within  a  box,  so  that  they  cannot  be  tampered  with ;  an 
inside  view  of  the  cover  of  this  box  is  shown  above  it  in  the  drawing. 
It  is  therefore  impossible  to  set  the  frame  on  again,  until  the  catch 
has  been  disengaged  from  the  notch  I,  by  winding  the  rack  D  back 
again,  ready  to  commence  for  a  fresh  set  of  bobbins. 

The  general  result  of  these  improvements  consists  not  so  much 
in  extra  production  per  spindle — although  the  production  is  greater 
for  the  same  velocity  of  spindles  than  it  was  formerly — but  in  a  very 
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superior  quality  of  work,  which  enables  the  attendant  to  watch  a 
greater  number  of  spindles  at  the  same  cost.  The  machines  now 
work  with  much  less  breakage,  and  it  is  no  uncommon  thing  for  a  set 
of  bobbins  to  be  filled  without  a  single  end  breaking. 

In  well  arranged  establishments  it  is  now  generally  admitted  that 
a  moderate  speed  of  spindles  is  most  economical,  and  produces  the 
best  quality  of  work  with  a  minimum  of  waste.  In  some  parts  of 
Lancashire  very  high  speeds  of  spindles  are  preferred;  but  that 
system,  with  its  attendant  waste  and  inferior  work,  is  gradually  giving 
way  to  more  moderate  rates  of  speed.  The  well  established  maxim 
that  "  work  spoilt  in  the  card  room  cannot  be  mended  in  the  spinning  " 
is  the  best  guide  in  this  matter. 

It  is  now  customary  to  make  very  long  machines  "  double  geared," 
namely  with  a  driving  part  at  each  end  of  the  frame.  The  spindles 
and  rollers  are  in  one  continuous  line  from  one  end  of  the  frame 
to  the  other,  but  each  half  can  be  stopped  independently ;  so  that, 
when  an  end  breaks,  only  one  half  of  the  machine  is  stopped  to 
piece  the  broken  end,  leaving  the  other  half  at  work.  An  increase  of 
about  ten  per  cent,  in  production  is  gained  by  this  useful  arrangement. 

For  the  finer  grades  of  yarn,  there  are  four  passages  of  these 
machines, — the  slubber,  the  intermediate,  the  second  intermediate, 
and  the  roving  or  jack.  These  enable  the  required  fineness  of 
roving  to  be  attained  without  involving  excessive  drafts  :  a  single 
draft  should  in  no  case  exceed  one  into  six. 


Tlie  Self-Acting  Mule. 

In  its  general  arrangement  the  Self-Acting  Mule  remains  as 
described  in  1866,  but  many  very  important  additions  and 
improvements  have  been  introduced.  The  self-acting  mule  of 
1866,  although  effecting  the  principal  operations,  left  a  number 
of  minor  ones  to  the  skill  of  the  operative  spinner  or  "  minder," 
and  it  performed  some  of  its  duties  in  a  very  imperfect  manner. 
To  be  in  order,  we  will  first  refer  to  mules  for  spinning  medium 
counts  of  yarn,  and  secondly  to  those  required  in  the  spinning  of 
finer  counts. 
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Mules  for  Medium  Counts. 

Tlio  first  improvement  to  be  noticed  is  that  the  governor  motion 
for  rcguhating  the  position  of  the  quadrant  nut  has  been  made  at 
once  exceedingly  sensitive  and  very  reliable,  and  is  now  suitable  for 
either  coarse  or  fine  counts. 

The  BacJcing-off  Motion. — This  has  been  perfected,  its  operation 
being  regulated  automatically  to  suit  the  position  of  the  cops 
at  every  stage  of  their  progress,  from  the  commencement  of 
winding  to  the  completed  full  cop.  Formerly  this  apparatus  was 
imperfectly  manipulated  by  the  minder.  The  copping  apparatus 
is  now  used  as  the  controlling  agent  for  regulating  this  motion. 
Fig.  7,  Plate  74.  It  is  made  with  a  separate  front  "  incline "  D, 
which  is  loose,  and  is  governed  by  an  additional  front  copping- 
plate  E.  Formerly  only  two  points  in  the  copping  rail  A 
were  capable  of  being  adjusted  to  the  exact  positions  required ; 
whereas  by  the  use  of  the  loose  incline  D  all  the  positions  are 
now  regulated.  The  advantage  gained  by  this  latter  arrangement 
is  the  power  of  regulating  the  precise  position  of  the  faller  wire 
when  the  "faller"  is  locked — a  very  important  consideration.  In 
the  hand  mule,  when  the  spinner  had  depressed  the  faller  to  the 
proper  position  for  winding,  and  uncoiled  the  exact  amount  of  yarn 
from  the  bare  spindles,  he  arrested  the  operation  of  backing  off,  and 
commenced  the  winding-on.  In  the  self-acting  mule  with  the 
copping  rail  in  one  solid  piece,  this  important  object  could  not  be 
attained.  The  amount  of  inclination  in  the  front  incline  was  determined 
by  the  conditions  required  to  commence  the  cop  on  the  bare  spindles. 
At  the  commencement  it  was  very  important  to  keep  the  "chase"  of 
the  cop  or  height  of  the  cone,  as  shown  by  the  close  dotted  lines  at 
A  B  in  Fig.  8,  as  short  as  possible,  in  order  to  prevent  waste  in 
unwinding  in  the  subsequent  processes.  When  the  copping  rail  was 
set  at  the  commencement  of  the  cop,  the  position  of  the  faller  wire 
was  determined,  and  set  to  suit  the  requirements  of  the  operation ;  but 
as  soon  as  the  winding  part  of  the  copping  rail  assumed  the  more 
inclined  position  to  enable  it  to  wind  a  longer  chase,  then  the  front 
incline  assumed  a  less  inclined  position,  leaving  the  faller  wire  at  the 
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time  of  the  faller  locking  in  a  worse  position  at  eacli  successive 
draw,  until  the  chase  had  attained  its  maximum  at  C  D,  Fig.  8,  and 
had  begun  to  be  gradually  shortened  again.  This  was  in  reality  a 
complete  reversal  of  the  practice  in  the  hand-spinner's  operations. 
For  many  years  this  method  was  considered  quite  satisfactory ;  but 
the  demand  for  longer  cops,  built  more  firmly,  gave  the  impulse  to 
the  present  improvement.  The  front  incline  being  now  made 
movable,  its  position  can  be  regulated  so  that  the  operation  will 
be  an  exact  counterpart  of  the  hand-spinner's  work,  when  he  made 
his  best  cop  ;  and  by  the  use  of  an  automatic  apparatus  for  tightening 
the  backing-off  chain,  in  conjunction  with  the  loose  incline  D  on 
the  copping  rail,  the  amount  of  yarn  uncoiled  from  the  spindles  is 
regulated  to  suit  the  position  of  the  faller  wire  at  the  termination  of 
the  backing-off.  When  once  set,  this  apparatus  needs  no  attention 
from  the  minder. 

As  the  copping  motion  was  explained  at  length  in  the  former 
paper,  and  as  the  principle  is  exactly  the  same,  it  is  unnecessary  to 
describe  it  beyond  what  relates  to  the  loose  incline,  Fig.  7,  Plate  74. 
The  copping  rail  A  A  rests  at  one  end  on  the  front  copping-plate  B, 
and  at  the  other  on  the  back  copping-plate  C.  One  end  of  the  loose 
front  incline  D  is  jointed  to  the  "  ridge  "  of  the  copping  rail  by  the 
pin  F,  and  its  front  end  rests  on  the  additional  front  copping-plate  E, 
which  is  fastened  to  the  copping-plate  B  in  such  a  manner  that  it 
can  be  adjusted  to  suit  the  requirements  of  the  loose  incline  D.  By 
varying  the  form  and  position  of  the  additional  copping-plate  E, 
the  loose  incline  D  can  be  regulated  to  give  any  required  results. 

The  diagram  shows  the  faller-locking  arrangements,  with  the 
lock  at  the  bottom  of  the  lever  K,  Fig.  7,  instead  of,  as  in  the  former 
arrangement,  at  the  top.  The  principle  is  the  same  in  both  systems, 
the  alteration  being  made  to  suit  the  requirements  of  the  other  parts 
of  the  headstock,  connected  principally  with  what  are  technically 
called  the  "  changes." 

The  BacMng-off- Chain  Tightening  Motion.  —  Before  explaining 
the  parts  connected  with  this  motion,  it  may  be  desirable  to  give 
some  further  explanation  why  this  regulation  is  required. 
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When  tlic  carriage  G,  Fig.  7,  Plato  74,  is  coming  out,  or  in  its 
outward  ruu,  tlio  front  or  winding  fallcr  wire  is  generally  about  IJ  in. 
above  the  points  of  tlio  spindles  S.  This  is  also  tbe  position  of  the 
parts,  in  ordinary  mules,  innnediatoly  before  the  operation  of  backing 
off  the  spiral  of  yarn  that  is  coiled  upon  the  bare  spindles  above  the 
top  of  the  cop.  As  is  well  understood,  the  reversal  of  the  tin  roller 
causes  it  to  uncoil  this  yarn  from  the  spindles,  and  also  brings 
into  action  the  parts  which  pull  the  fallcr  wire  down.  In  all  cases 
the  spindles  begin  to  uncoil  before  the  faller  wire  begins  to  move, 
because  the  tin  roller  must  make  some  little  movement  before  the 
backing-off  click  or  pall  can  take  hold  of  the  ratchet  wheel.  In 
addition  to  this,  the  spindles  continue  to  uncoil  the  yarn  during  the 
time  the  faller  wire  is  moving  from  its  position  above  the  spindle 
points,  until  it  touches  the  yarn.  From  this  it  will  be  seen  that  a 
considerable  length  of  yarn  will  be  uncoiled  from  the  spindles, 
before  the  faller  wire  can  overtake  the  yarn.  The  spindles  thus  have 
the  start  very  considerably,  and  at  the  completion  of  a  set  of  cops 
this  loss  of  motion  of  the  faller  wire  produces  the  worst  results.  In 
the  case  of  a  cop  with  its  nose,  or  point,  only  f  in.  from  the  spindle 
points,  the  loss  is  nearly  one-half  the  entire  motion  of  the  faller  wire, 
which  moves  as  far  before  it  touches  the  yarn  as  it  does  after.  To 
overcome  this  difficulty,  it  is  necessary  to  have  the  backing-off  chain 
tight,  so  that  it  may  act  on  the  faller  as  early  as  possible  ;  and  the 
backing-off  snail  is  made  as  large  as  possible  and  of  the  proper  form, 
so  that  the  faller  wire  may  act  on  the  yarn  at  the  earliest  moment. 

At  the  commencement  of  a  set  of  cops  the  conditions  are  very 
much  more  favourable ;  for,  although  the  space  actually  passed 
through  by  the  faller  wire,  before  it  touches  the  yarn,  remains 
constant,  it  bears  at  the  commencement  a  very  much  smaller 
proportion  to  the  entire  distance  passed  through  by  the  wire  before 
the  faller  locks,  than  it  does  at  the  completion  of  the  set  of  coi^s. 
Consequently  the  backing-off  chain  has  to  be  slack  at  the  beginning 
of  a  set  of  cops,  otherwise  the  speed  of  the  faller  wire  would  force 
the  yarn  down  the  spindles  faster  than  it  would  uncoil,  and  would 
thereby  break  the  thread.  Hence,  the  backing-off  chain  having 
been  adjusted  to  the  proper  length  for  backing   off  nicely  at   the 
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commencement  of  tlic  set  of  cops,  it  is  desirable  gradually  to  tighten 
or  shorten  it,  as  the  cop  increases  in  length ;  until  at  the  completion 
of  the  cop  the  chain  is  almost  tight.  By  this  means  the  backing  off 
can  be  adjusted  all  through  the  set,  so  that  it  corresponds  at  every 
stage  with  the  exact  requirements  of  the  case ;  the  nose  of  the  cop  is 
l^rcserved  in  a  properly  firm  condition,  and  neither  too  much  nor  too 
little  yarn  is  uncoiled.  Next  to  winding  the  yarn  properly  on  the 
cop,  this  is  the  most  essential  condition  in  making  a  good  cop.  Where 
the  apparatus  now  to  be  described,  wliich  effects  this  automatically, 
is  at  work,  it  is  found  that  very  much  fewer  noses,  or  points  of  cops, 
are  "  halched,"  ox  entangled. 

Referring  to  Fig.  7,  Plate  74,  tlie  winding  faller  shaft  I  has 
keyed  upon  it  the  backing-off  finger  H ;  the  backing-off  chain  J  is 
fastened  at  one  end  to  the  finger  IT,  and  at  the  other  end  to  the 
backing-off  snail  K,  which  is  mounted  with  a  ratchet-clutch  upon  the 
tin-roller  shaft.  The  backing-off  tightening  chain  L  has  one  end 
fastened  to  the  boss  of  the  snail  K,  and  the  other  end  to  the  bell- 
crank  lever  M,  the  tail  of  which  is  shown  resting  on  an  incline  X. 
This  incline  slides  upon  a  plate  fastened  to  the  floor ;  and  an  arm  on 
the  front  end  of  the  incline  grips  the  cojiping-plate  connecting-rod  P, 
so  that,  by  means  of  two  hoops  fixed  upon  the  connecting-rod  P  by 
set-screws,  the  incline  N  is  caused  to  move  backwards  with  the 
backward  motion  of  the  rod  during  the  formation  of  the  cop. 

In  Fig.  7  are  shown  the  positions  of  the  carriage  G  and  the 
various  j^arts  just  previous  to  the  time  of  the  backing  off  taking 
place,  at  the  commencement  of  a  set  of  cops.  The  backing-off  chain 
J  having  been  adjusted  to  the  proper  length  for  backing  off  on  the 
bare  spindle,  the  copping  plates  B  and  C  with  the  connecting-rod  P 
will  gradually  move  inwards  or  backwards  in  the  direction  of  tin 
arrow  as  the  cop  progresses,  and  will  carry  the  incline  N  with  them 
in  the  same  direction.  This  movement  gradually  brings  the  higher 
part  of  the  incline  N  under  the  tail  of  tlie  lever  M,  causes  it  to  turn 
in  the  direction  of  the  arrow,  and  so  jnills  the  chain  L ;  which  in 
turn,  acting  on  the  snail  K,  takes  up  the  slack  of  the  backing-off 
chain  J.  The  incline  N  is  made  so  that  it  can  be  varied  to  suit  the 
particular  requirements  of  various  kinds  of  mules.      The  absolute- 
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amouut  of  tlglitcning  depends  ni)on  the  setting  c»f  tlio  iiitjline  or  upon 
the  difference  of  level  between  its  two  extremities;  and  tlie  rate  of 
tightening  at  different  parts  of  tlic  incline  depends  upon  tlic  form  of 
its  outline.  By  varying  tlic  form  of  the  incline  tlic  action  on  the 
chain  can  be  varied  to  suit  any  circumstances. 

When  once  set  the  apparatus  needs  no  farther  attention.  At  the 
commencement  of  a  new  set  of  cops  the  copping  plates  B  E  C  arc 
wound  forwards  again  into  the  position  shown  in  Fig.  7,  the  incline  N 
goes  with  them,  and  the  backing-off  chain  J  is  restore:!  to  its  normal 
slackness. 

Tlie  Automatic  Nosing  Motion. — An  important  addition  to  the 
mule  in  late  years  is  an  improvement  applied  to  Eichard  Roberts' 
quadrant  winding  apparatus.  In  Roberts'  quadrant,  as  first  introduced 
and  as  described  in  1866,  the  only  variation  in  its  action,  when  once 
set  in  proper  position,  was  caused  by  the  quadrant  nut  E,  Fig.  9, 
Plate  75,  being  gradually  traversed  outwards  from  the  centre  of  the 
quadrant,  to  suit  the  increasing  diameter  of  the  cop,  until  this  had 
attained  its  full  dimension  at  CC,  Fig.  8,  when  no  farther  modification 
w^as  made.  Xow  if  the  spindles  had  been  of  equal  thickness 
throughout,  the  winding  on  would  have  remained  in  all  its  stages 
equally  good  :  but  this  is  not  so ;  the  spindles  are  taper. 

The  function  of  the  quadrant  is  to  accelerate  the  velocity  of 
the  winding  motion,  and  this  constitutes  its  special  merit.  The 
amount  of  this  acceleration  begins  at  zero,  the  quadrant  nut  being 
then  nearest  the  centre  of  the  quadrant ;  and  the  velocity  ratio  is 
governed  by  the  distance  of  the  quadrant  nut  from  the  centre,  whicb 
increases  during  the  building  up  of  the  cop,  until  it  arrives  at  its  full 
diameter.  The  acceleration  thus  conforms  very  nearly  to  the  true 
requirements  of  winding.  When  the  cop  arrives  at  its  full  diameter 
CC,  Fig.  8,  the  nut  has  reached  the  outer  extremity  of  its  traverse  in 
the  quadrant,  and  no  further  alteration  in  its  position  takes  place  ; 
there  is  therefore  no  further  alteration  in  its  velocity  ratio  during 
the  building  up  of  the  remainder  of  the  cop  above  CD. 

But  as  all  cotton  mules  have  taper  spindles,  it  was  soon  found 
that  the  cop  noses  F,  Fig,  8,  could  not  be  wound  tight ;  and  as  a 


Oct.   1880.  COTTON    SPINNING    MACHINERY.  507 

longer  cop  requires  a  longer  and  stronger  spindle  and  therefore  an 
increase  in  the  amount  of  taper,  the  points  of  the  sjiindles  being 
always  of  the  same  diameter,  this  difficulty  has  increased  as  the 
spindles  have  been  made  longer.  To  put  this  more  clearly,  it  will  be 
well  to  describe  more  fully  the  requirements  of  the  operation,  and 
what  has  been  done  since  Eoberts'  time  to  meet  this  difiiculty. 

The  winding  parts  of  a  mule  should  be  made  so  that  when 
ihe  quadrant  nut  E,  Fig.  9,  Plate  75,  is  at  the  bottom  of  the  quadrant 
(that  is,  nearest  its  centre),  the  mule  can  wind  the  first  stretch  of 
yarn  on  the  bare  spindle,  as  shown  at  A  B  in  Fig.  8,  without 
•either  leaving  yarn  uncoiled,  or  winding  it  on  too  tightly,  and 
so  breaking  it.  This  is  the  ordinary  condition ;  for  special 
cases,  such  as  when  winding  the  yarn  on  paper  tubes  &c.,  this  rule 
is  departed  from ;  but  this  does  not  affect  the  purposes  of  the 
explanation.  As  the  cop  bottom  increases  in  diameter  from  A  to  CC, 
Fig.  8,  the  quadrant  nut  is  moved  out  further  from  the  centre  to  suit 
it;  thereby  decreasing  the  speed  of  the  spindles  when  they  arc 
winding  on  the  larger  diameter  of  the  cop,  but  imparting  the  full 
•terminal  speed  to  them  when  the  carriage  completes  its  inward  run 
and  the  winding  reaches  the  nose  of  the  cop.  In  Roberts'  quadrant 
this  final  speed  was  nearly  the  same  as  the  velocity  when  commencing 
on  the  bare  spindle.  Now  the  blade  or  winding  part  of  a  cotton-mule 
spindle  tapers  from  about  ;V  in.  diameter  to  -jL  in.  diameter ;  and  as 
it  is  necessary  in  a  well-built  cop  to  wind  the  nose  of  the  cop  in  all 
its  stages  equally  close  and  firm,  it  follows  that  the  winding  must  be 
gradually  modified,  so  that  the  velocity  of  the  spindles  at  the 
■termination  of  the  inward  run  of  the  carriage  shall  be  suited  to  the 
diameter  of  that  part  of  the  spindle  on  which  the  nose  is  being 
formed :  that  is  to  say,  the  terminal  velocity  of  the  spindles  should 
increase  in  the  same  ratio  as  the  diameter  of  the  spindle  decreases. 
"When  first  brought  into  action,  this  acceleration,  or  "  nosing  "  as  it  is 
called,  takes  place  almost  at  the  termination  of  the  inward  run  of  the 
carriage  ;  and  begins  a  little  earlier  in  each  succeeding  draw  or  run, 
until  at  the  finish  of  a  set  of  cops  the  nosing  may  begin  five  or  six 
inches  from  the  end  of  the  inward  run  of  the  carriage.  If  the  nosing 
begins  too  soon,  the   yarn   is  wound   too  tightly  on  the  part  not 
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requiring  additional  firmness,  and  is  unduly  strotclicd.  This  is  very 
l)lainly  shown  by  the  action  of  the  counter  faller,  which  in  that  case 
is  pulled  down  almost  close  to  the  winding  faller,  and  then,  when  the 
nosing  is  required,  is  seen  to  rise  again,  instead  of  remaining 
stationary  throughout  as  it  ought  to  do  :  such  an  action  is  most 
injurious  to  the  yarn. 

To  meet  these  requirements  many  contrivances  have  been  invented 
during  the  last  fifty  years.  The  one  most  generally  in  use  is  that 
called  the  "  Nose  Peg."  This  nose  peg,  acting  on  the  winding  chain 
F,  Fig.  9,  Plate  75,  deflects  it  from  a  straight  line  into  a  bent  line, 
causing  additional  chain  to  be  uncoiled  from  the  winding-on  drum  H, 
and  consequently  increasing  the  velocity  of  the  spindles.  This, 
although  an  improvement,  imparts  but  little  acceleration,  and  the 
little  it  does  begins  too  early  ;  say  about  18  in.  from  the  end  of  the 
inward  run  of  the  carriage.  Various  forms  have  been  given  to  the 
nose  peg,  but  all  amount  to  the  same  thing  in  practice. 

The  next  important  improvement  was  brought  out  in  1863,  and 
consists  in  converting  the  nose  peg  bracket  into  a  swing  lever  mounted 
on  the  quadrant.  By  giving  this  lever  a  movement  on  its  centre,  its 
action  on  the  winding  chain  is  quickened,  the  acceleration  of  speed 
is  greater  than  it  is  with  the  fixed  nose  peg,  and  its  action  may 
therefore  commence  much  later.  But  the  nosing,  even  with  this  swing- 
lever  nose  peg,  still  commences  too  early,  is  limited  in  action,  and 
appears  to  lose  its  accelerating  function  when  it  ought  to  be  greatest. 
This  is  true  of  all  nose  pegs,  w^hether  worked  by  hand  or  self-acting. 

Nearly  all  nosing  motions  invented  during  the  last  fifteen  years 
have  been  modifications  of  the  swing-lever,  and  all  except  the  scroll- 
drum  nosing  motion  are  chain-deflectors. 

But  w^hat  is  w^anted  is  something  w^hich  shall  continue  or 
supplement  the  ordinary  velocity-accelerating  function  of  the 
quadrant,  so  that  its  action  will  be  suited  to  the  constantly 
diminishing  diameter  of  the  spindle  on  which  the  cop  nose  is  being 
wound.  This  object  is  attained  by  the  application  and  use  of  a  scroll 
upon  the  end  of  the  winding-on  drum  H,  Fig.  9,  Plate  75. 

When  the  cop  has  attained  its  full  diameter  CC,  Fig.  8,  the 
scroll  drum  H  should  be  in  the  position  shown  in  Fig.  11,  Plate  76,. 
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Oil  the  completion  of  the  inward  run  of  the  carriage  G.  As  the  cop 
becomes  gradually  built  up  higher  on  the  taj)cr  spindle,  more 
winding  chain  ought  to  be  uncoiled  from  the  scroll,  until,  at  the 
completion  of  the  cop,  the  chain  should  be  wholly  uncoiled,  as 
shown  in  Fig.  12.  It  will  be  understood  that  the  velocity  of  the 
winding  increases  in  the  same  ratio  as  the  diameter  decreases  of 
the  scroll  H  from  which  the  chain  is  uncoiled.  The  amount  of 
Acceleration  thus  given  depends  on  the  quantity  used  of  the  scroll 
portion  of  the  winding  drum :  and  the  character  of  the  acceleration 
ilepends  on  the  form  of  the  scroll  end  of  the  winding  drum.  Its 
range  of  acceleration  is  very  much  greater  than  that  of  any  other 
apparatus  yet  invented. 

Fig.  9,  Plate  75,  shows  the  position  in  which  the  parts  should  be 
placed  to  commence  with.  The  quadrant  is  shown  in  the  position 
in  which  it  stands  when  the  bowl  is  on  the  ridge  of  the  copping  rail. 
The  carriage  G  is  shown  in  the  position  when  it  has  made  about 
12  in.  of  its  inward  run. 

Fig.  10  shows  the  quadrant  nut  E,  with  the  parts  on  it  in  the 
same  j^osition  as  shown  in  Fig.  11,  Plate  76,  that  is,  when  the  cop 
bottom'has  just  been  completed.  The  carriage  G,  Fig.  11,  is  shown  close 
u])  to  the  back  stops.  The  quadrant  nut  E  is  in  its  final  or  extreme 
outermost  position  for  making  the  rest  of  the  cop.  The  arrow  across 
the  winding-on  drum  H  is  in  the  same  position  as  shown  in  Fig.  9  ; 
that  is,  the  chain  F  has  been  uncoiled  from  the  cylindrical  part  of 
the  winding-on  drum,  until  it  is  on  the  point  of  uncoiling  from  the 
scroll  part.  The  arrow-head  crosses  the  drum  where  the  cylindrical 
•concentric  part  ends  and  the  scroll  begins. 

Fig.  12,  Plate  76,  shows  the  position  of  the  parts  on  the 
completion  of  a  set  of  cops.  It  will  be  observed  that  the  winding 
chain  F  is  here  uncoiling  from  the  small  end  of  the  scroll  H. 

The  end  of  the  winding  chain  F,  Fig.  9,  Plate  75,  instead  of 
being  merely  attached  as  formerly  to  the  quadrant  nut  E,  is  now 
Avound  upon  the  body  of  a  ratchet-wheel  A,  on  the  shaft  of  which  is 
also  fixed  a  scroll  I.  Another  chain  C,  coiling  on  this  scroll,  passes 
thence  under  and  over  the  stationary  pulleys  B  and  D,  and  under 
the    swinging   pulley   K ;    and    its   end  is   fastened  to   the   sliding 
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bracket  L,  wliicli  slides  on  the  sliai^er  screw  M  of  the  cojiping  motion. 
The  2^^^11  ^^  ^^G  cluiiu  0  causes  this  sliding  bracket  L  to  i)ress 
outwards  against  the  front  nng  of  the  sha2)er  frame  which  carries 
tlic  sliaper  screw  M.  The  shajier  screw  is  turned  as  usual  by  the 
ratchet-wlicel  II,  which  is  moved  through  one  tooth  at  each  lift  of  the 
quadrant  by  the  wire  Q.  The  nut  N,  travelling  in  towards  R  along 
the  shaper  screw,  comes  into  contact  with  an  inner  arm  on  the  bracket 
L,  as  shown  in  Fig.  11,  Plate  76,  and  causes  it  to  slide  inwards  with 
the  inward  movement  of  the  nut,  and  so  gradually  pulls  the  chain  C 
in  the  same  direction.  The  inner  arm  on  the  bracket  L  is  made 
adjustable  for  the  purpose  of  rcgulatiug  the  time  when  the  nut  N  of 
the  shaper  screw  shall  come  into  contact  with  it.  The  swinging 
pulley  K  is  carried  at  the  bottom  extremity  of  the  lever  P  suspended 
from  the  centre  D  ;  and  on  the  lever  is  centered  an  arm  S  free  to  turn 
upwards  but  not  downwards.  A  bracket  T  upon  the  quadrant  is 
cajmble  of  pushing  outwards  the  lever  P  by  means  of  the  arm  S^. 
when  the  quadrant  is  rotating  outwards.  The  steel  end  of  the 
winding  chain  F,  which  goes  into  the  quadrant  nut  E,  is  about  3  ft. 
long.  The  remainder  or  curb  part  of  the  chain  will  therefore  be 
shorter  than  usual,  and  does  not  enter  into  the  quadrant  nut  at  all, 
and  thus  escapes  the  wear  it  would  otherwise  incur  in  passing  round 
the  small  anti-friction  j^ulley  at  the  bottom  of  the  nut  E. 

The  parts  being  properly  adjusted,  the  mode  of  working  is  as 
follows.  After  the  first  stretch,  the  governor  motion  from  time  to 
time  moves  the  quadrant  nut  E  further  out  from  the  centre  of  the 
quadrant,  so  as  to  adjust  the  winding  to  the  increasing  size  of  the 
cop.  By  this  movement  of  the  quadrant  nut  the  slack  in  the  chain 
C  is  soon  taken  up ;  and  after  the  slack  is  taken  up,  the  further 
outward  movement  of  the  quadrant  nut  causes  the  chain  C  to  pull 
the  bottom  of  the  lever  P  inwards.  On  the  return  or  outward  run 
of  the  carriage,  the  bracket  T,  acting  on  the  arm  S,  forces  the  lever 
P  outwards  again ;  and  in  so  doing  pulls  a  length  of  chain  C  from 
the  scroll  I,  thereby  causing  it  to  turn  on  its  axis  and  wind  upon  the 
ratchet-wheel  A  a  length  of  winding  chain  F,  which  would  otherwise 
remain  coiled  on  the  winding-on  drum  H :  the  ratchet-wheel  is 
caught  by  one  or  other  of  two  detent  catches  which  enter  into  its. 
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tcctb.  In  consequence  of  the  ratclict-wlieel  in  tlic  qucadrant  niit 
thus  taking  up  at  intervals  a  length  of  winding  chain  about  equal 
to  the  increasing  distance  of  the  nut  from  the  quadrant  centre  B,  the 
length  of  chain  left  coiled  on  the  winding  drum  H  at  the  end  of 
each  inward  run  of  the  carriage  will  remain  nearly  the  same,  until 
the  cop  has  attained  its  full  diameter,  when  the  parts  should  be  in 
the  position  shown  in  Fig.  11,  Plate  76,  the  nut  E  having  then 
reached  the  furthest  extremity  of  its  travel  along  the  quadrant  arm. 
Till  this  stage  the  sliding  bracket  L,  Fig.  9,  will  still  remain 
pressed  outwards  against  the  front  nug  of  the  shaper  frame.  About 
this  time  the  nut  N  on  the  shaper  screw  will  come  into  contact  with 
the  sliding  bracket  L,  as  in  Fig.  11,  and  will  gradually  draw  the 
bracket  inwards,  together  with  the  chain  C  and  lever  P ;  it  will  thus 
draw  a  further  length  of  chain  C  from  the  scroll  I,  wind  up  a 
further  length  of  winding  chain  F  upon  the  ratchet-wheel  A,  and 
cause  the  chain  F  now  to  unwind  not  only  from  the  cylindrical,  but 
also  from  a  portion  of  the  scroll  part  of  the  winding-on  drum  H.  The 
repetition  of  this  action  gradually  brings  more  and  more  of  the  scroll 
part  of  the  winding-on  drum  H  into  use  :  until  at  the  completion  of  the 
set  of  cops,  Fig.  12,  as  much  of  the  scroll  part  has  been  brought  into 
use  as  the  circumstances  of  the  case  require.  By  causing  the  nut  N 
of  the  shaper  screw  to  act  sooner  or  later  on  the  sliding  bracket  L, 
a  greater  or  less  amount  of  the  scroll  on  the  winding-on  drum  H 
may  be  brought  into  use.  By  these  arrangements  the  winding  can 
be  accommodated  to  any  form  of  spindles.  On  the  completion  of  the 
set  of  cops,  the  scroll  I  on  the  quadrant  nut  E  should  be  in  the  position 
shown  by  the  dotted  lines  in  Fig.  9,  at  the  top  extremity  of  the 
quadrant  arm.  Before  beginning  a  fresh  set  of  cops,  the  winding 
chain  F  must  be  uncoiled  from  the  ratchet-wheel  A  in  the  quadrant  nut. 

A  further  improvement  in  the  winding  motion  has  been  effected 
by  a  change  in  the  manner  of  engaging  the  click  with  the  click- 
wheel  on  the  shaft  of  the  tin  roller  K,  Fig.  13,  Plate  76.  Formerly 
the  movement  of  the  carriage  G  at  the  commencement  of  its 
inward  run,  by  means  of  the  winding  chain  F,  drum  H,  and  spur 
wheel  and  pinion,  caused  the   loose  click-plate  carrying  the    click- 
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<'iitch  to  turn  ou  the  shaft,  aucl  by  means  of  the  cliek-spriu^'  to  make 
the  click-catch  engage  the  teeth  of  the  click-wheel.  Bnt  as  the 
carriage  moved  inwards  a  little  further  on  some  occasions  than  on 
others  before  the  click-catch  could  engage  the  teeth  (owing  to  the 
teeth  not  being  always  in  the  same  relative  position  to  the  click),  this 
caused  the  winding  to  commence  in  some  runs  later  tlian  in  others; 
and  as  the  winding  always  finishes  at  the  same  time,  less  yarn  was 
wound  on  the  spindles  in  some  runs  than  in  others.  This  was  very 
objectionable,  because  the  yarn  would  be  very  liable  to  form  into 
"  snarls,"  when  the  winding  commenced  later  than  it  should  have  done. 
To  remedy  this  defect,  the  click  I,  Fig.  13,  can  now  be  engaged 
before  the  carriage  G  actually  begins  its  inward  run,  by  a  very 
simj^le  contrivance :  consequently  the  same  amount  of  motion  is 
imparted  to  the  spindles  in  each  inward  run  after  the  cop  has  attained 
its  full  thickness,  except  what  is  gained  by  the  acceleration  due  to  the 
nosing  motion,  as  already  explained.  In  the  old  arrangement  the  click 
was  engaged  by  the  click  moving  round  the  click  spring,  which  at 
the  moment  was  stationary.  In  the  new  arrangement  the  spring  is 
put  in  motion,  whilst  the  click  is  stationary,  one  arrangement  being 
thus  the  converse  of  the  other.  For  this  purpose,  the  pivot  round 
which  the  click-spring  rotates,  instead  of  being  as  hitherto  a  portion 
of  a  fixed  bracket,  is  now  the  centre  boss  of  a  lever  L,  which  swings 
loosely  on  the  shaft  of  the  tin  roller  K  through  a  small  arc.  This 
lever  is  actuated  at  the  proper  time  by  a  finger,  fixed  on  the  connecting- 
rod  R  which  lifts  the  "  holding-out  catch  "  C.  This  rod  receives  its 
motion  from  the  "  taking-in  lever,"  as  it  puts  the  taking-in  friction 
into  gear ;  and  by  means  of  the  lever  and  spring  puts  the  click  into 
gear  with  the  click-wheel ;  this  stoj^s  the  click,  and  on  the  carriage 
moving  inwards  the  winding  on  commences.  By  this  means  the 
winding  is  more  uniform  in  its  action,  the  yarn  is  subjected  to  less 
strain,  and  it  is  kept  freer  from  snarls. 

The  "  Middle  Drawing-out  Apparatus,"  for  increasing  the 
steadiness  of  the  mule  carriage,  consists  of  an  extra  "  drawing-out 
scroll"  on  the  back  shaft,  opposite  the  middle  of  each  half  of  the 
carriage ;  from  each  of  these  scrolls  a  band  is  connected  with  the 
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carriage,  in  the  same  manner  as  at  the  middle  of  the  hcadstock  and 
at  the  out  ends  of  the  mule,  except  that  for  convenience  the  bands 
are  here  passed  under  the  carriage.  By  means  of  these  bands  the 
carriage  is  now  governed  a^  five  points  in  its  length. 

Another  important  improvement  in  the  back  shaft  is  the  connection 
between  it  and  the  shaft  of  the  taking-in  scroll.  Formerly  the  carriage 
was  pulled  in  from  the  headstock  only,  that  is  to  say,  from  the  middle 
of  its  length  only,  and  the  ends  of  the  mule  were  kept  something  like 
parallel  with  the  middle  part  by  means  of  squaring  bands.  By 
connecting  the  back  shaft,  when  the  mule  is  going  in,  with  the  taking- 
in  scroll  shaft,  by  means  of  extra  scrolls  and  bands,  the  back  shaft 
receives  a  motion  exactly  similar  to  that  imparted  to  the  middle  of 
the  carriage.  It  is  converted  into  a  taking-in  as  well  as  a  drawing- 
out  shaft,  and  the  motion  of  the  carriage  is  kept  steady  by  six  bands, 
instead  of  two  as  formerly. 

The  cam  shaft  of  the  headstock  still  retains  its  important  position 
as  one  of  the  main  features  of  the  self-acting  mule.  In  its  best  form 
it  is  worked  by  a  friction  box,  which  permits  of  the  quickest  velocity 
of  rotation,  and  at  the  same  time,  whilst  it  is  sufficiently  positive 
or  unyielding  for  the  work  it  has  to  perform,  is  not  liable  to  break 
the  rigidly  connected  parts  in  case  of  derangement.  For  medium 
counts  it  is  now  almost  universally  used  with  two  changes ;  the  other 
changes  in  the  action  of  the  mule  being  effected  without  its  intervention. 
Thus  the  two  former  systems  are  combined — namely,  that  system  in 
which  all  the  changes  were  made  by  the  cam  shaft,  and  that  in  which 
no  cam  shaft  was  used.  The  great  desiderata  are  reliability  and 
rapidity ;  and  these  have  thus  been  attained  to  a  remarkable  extent, 
yielding  a  regularity  of  production  unknown  in  former  periods. 

The  general  parts  of  the  mule  have  been  much  strengthened. 
Him  shafts  now  revolve  at  as  high  an  average  speed  as  650 
revolutions  per  minute,  driven  by  4  in.  and  4 J  in.  belts.  The  pulley 
being  15  in.  diameter,  or  3*92  feet  circumference,  this  gives  2,550 
feet  per  minute  as  the  speed  of  the  belt ;  and  in  some  cases  it  is 
even  higher  than  this. 

The  backing-off,  taking-in,  and  cam  friction-clutches  have  been 
enlarged  to  give  them  greater  controlling  power.     The  rods,  levers, 
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jind  various  connections  liavo  been  strengthened,  to  enable  them  to 
distribute  properly  the  greatly  increased  power  represented  by  the 
increased  breadth  and  speed  of  tho  driving  belt.  The  winding  parts 
and  faller  work  of  tho  mule  have  also  been  very  much  strengthened. 

Spindles  are  now  made  capable  of  revolving  at  very  much  higher 
velocities ;  it  is  very  common  to  drive  them  at  upwards  of  8000 
revolutions  per  minute,  with  cops  on  them  twenty  per  cent,  lieavicr 
than  those  formerly  made. 

Mules,  as  machines,  now  work  very  much  more  steadily  and 
quietly,  and  are  far  less  subject  to  stoppages  from  breakdowns,  than 
before  ;  whilst  their  capacity  to  stand  the  strain  of  the  extra  quantity 
of  work  produced  is  very  much  greater. 

The  i^rcsent  construction  may  be  expected  to  be  more  durable 
than  any  previous  to  1866.  The  production  of  No.  32  yarn  in 
1866  was  given  in  the  former  paper  as  22 J  hanks  per  spindle  per 
week,  but  some  of  the  best  mills  were  then  obtaining  24  hanks. 
The  present  production  of  a  modern  mill,  working  3J  hours  less  time 
per  week,  is  fully  27  hanks  per  spindle  for  the  same  count,  being  an 
increase  of  at  least  3}^  or  4  hanks  jycv  spindle  per  week.  Indeed  tho 
reduction  in  the  time  worked  is  really  greater  than  3J  hours,  because 
it  was  formerly  the  custom  to  clean  the  machinery  after  the  enging 
had  stopjDcd,  whereas  now  it  is  usual  to  clean  it  during  the  mill  hours. 
The  actual  increase  is  equal  to  about  14  per  cent. ;  but  taking  into 
account  the  reduction  of  time,  6' 6  to  7  per  cent.,  the  increase  of 
production  is  equal  to  about  22  per  cent. ;  whilst  the  quality  of  the 
yarn  spun  has  improved  from  8  to  10  per  cent,  as  to  strength. 

The  size  or  length  of  mules  remains  about  the  same,  but  the 
number  of  long  mules  now  working  has  very  much  increased. 

The  number  of  workpeople  required  for  a  i:)air  of  mules 
containing  say  2000  spindles  is  the  same  as  before.  The  cops  are 
made  so  much  larger  that  fewer  "  doffings  "  are  required  for  the  same 
length  of  yarn,  but,  taking  the  increased  production  into  consideration,, 
the  actual  amount  of  doffing  labour  is  about  the  same. 

The  headstock  being  much  imjiroved  in  its  automatic  movements,, 
the  "  minder  "  can  devote  his  attention  almost  exclusively  to  piecing; 
ends,  and  looking  after  the  younger  piecers. 
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Tlic  great  velocity  now  given  to  tlie  rim  shafts  has  caused  the 
line  shafts  of  spinning  mills  to  he  driven  very  mucli  more  quickly ; 
formerly  180  to  200  revolutions  per  minute  Avas  considered  a  good 
speed,  but  with  quicker  rim  shafts  a  speed  of  210  to  250  revolutions 
is  now  desirable,  so  as  to  avoid  the  use  of  large  drums  on  the  line 
shafts,  and  also  of  large  drums  and  small  pulleys  en  the  counter- 
shafts.    Nearly  all  mules  are  now  driven  by  counter-shafts. 

The  difficulty  of  obtaining  these  high  velocities  by  direct  driving 
has  led  to  the  introduction  of  belt  and  rope  driving  in  many  of  the 
cotton  mills  recently  built ;  and  the  results  are  very  satisfactory,  a 
steadier  motion  being  imparted  to  the  machines.  The  adoption  of  belt 
and  rope  driving  has  also  been  influenced  by  the  number  of  breakdowns 
in  the  mills  built  during  the  last  seven  years,  where  gearing  was  used. 
No  doubt  the  greatly  increased  production  of  the  machines  has  had 
much  to  do  with  these  accidents.  Where  rope  or  strap  driving  has 
not  been  introduced,  cast-steel  wheels  have  been  generally  substituted 
for  the  broken  cast-iron  ones. 

For  spinning  yarns  of  medium  fine  counts,  say  up  to  No.  90,  the 
self-acting  mule  has  now  almost  entirely  superseded  the  hand  mule. 
The  mule  just  described  is  used  for  the  puri)ose,  but  it  is  supplemented 
by  a  jacking  motion,  and  a  roller  delivery  motion.  The  work 
produced  is  excellent,  both  in  quality  and  in  quantity. 

Jachinrj  Jlotion. — This  continues  the  outward  run  of  the  mule 
carriage  after  the  rollers  for  drawing  the  cotton  have  ceased  to 
revolve,  in  order  that  any  thick  places  occurring  in  the  yarn 
may  be  made  uniform  with  the  rest ;  its  effect  being  that,  wherever 
there  is  a  thin  place  in  the  thread,  the  greater  portion  of  the  twist 
runs  into  that  part  first,  and  thereby  renders  it  more  difficult  to  be 
elongated  than  the  thicker  parts,  which  are  thus  drawn  down. 
The  amount  of  jacking  introduced  varies  from  zero  to  4  or  5 
in.,  according  as  the  staple  of  cotton  to  be  spun  is  shorter  or 
longer,  the  longest  admitting  of  the  greatest  amount  of  jacking. 
Various  systems  have  been  ajiplied  for  this  purpose,  but  that  known 
as  the  "  sun  and  planet  '*  system  is  undoubtedly  the  best,  as  the 
stoppage  of  the  rollers  is  more  gradual  by  this  than  by  any  other. 
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KoUcr  DcUrcri/  Motion. — As  little  twist  as  possible  is  put  into 
the  yarn  before  the  jacking  commences,  only  just  sufficient  to  keep 
tlio  fibres  united ;  therefore  a  great  amount  has  to  be  put  in  after  the 
rollers  have  stopped.  This  has  the  effect  of  tightening  the  yarn,  and 
unless  the  tension  is  reduced  the  yarn  is  liable  to  break  before  the 
required  amount  of  twist  has  been  put  in.  Formerly  it  was  customary 
to  cause  the  carriage  to  move  inwards  a  little,  in  order  to  case  the 
tension  of  the  yarn  ;  this  had  the  desired  effect,  but  it  shortened  the 
stretch,  and  the  carriage  being  a  large  apparatus  was  difficult  to 
regulate.  Now,  instead  of  moving  the  carriage,  the  rollers  are  made 
to  revolve,  and  to  deliver  a  small  quantity  of  roving  at  a  rate  which 
can  be  varied  at  will,  whilst  the  extra  twist  is  being  put  into  the  yarn  ; 
iind  the  result  is  very  satisfactory.  This  apparatus  is  called  the 
"  roller  delivery  motion  whilst  jacking." 

It  is  also  customary  to  cause  the  rollers  to  deliver  a  little  sliver 
during  the  inward  run  of  the  carriage,  whilst  the  spun  yarn  is 
being  wound  on  the  spindles.  The  amount  varies  from  3  to  4  inches ; 
consequently  a  mule  of  GO  inches  stretch  will  wdnd  on  the  spindle 
iit  each  stretch  about  03  inches  of  yarn.  The  apparatus  for  this 
purpose  is  universally  used  when  spinning  long  stapled  cotton,  and 
the  spinning  is  greatly  improved  thereby.  Time  does  not  permit 
to  explain  this  more  fully,  or  to  enlarge  on  the  drawing  rollers  of 
mules,  and  the  varieties  of  spindles  suitable  for  these  special  yarns. 

Mules  for  Finest  Counts. 

For  spinning  the  finest  counts  of  yarn  the  hand  mule  has  been 
brought  to  great  perfection  ;  all  its  operations  being  now  automatic, 
or  nearly  so.  The  "  spinner,"  as  he  is  called,  has  only  to  supply  the 
little  power  required  to  control  some  of  the  motions.  This  he  is  able 
to  do  easily,  even  when  the  mules  are  large ;  but  it  requires  very 
close  attention  on  his  part,  coupled  with  an  extremely  sensitive  touch, 
which  can  only  be  acquired  by  long  practice.  To  back  off,  wind,  and 
lift  the  faller  at  the  termination  of  the  inward  run  of  the  carriage,  in 
first-class  style,  demands  great  skill  on  the  part  of  the  operator.  The 
work  being  done  in  hot  rooms  increases  the  difficulty,  and  it  is 
almost  impossible  for  him  to  work  uniformly  from  morning  till  night. 
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Men  of  first-class  ability  as  spinners  become  scarcer  year  by  year  ; 
and  the  necessity  of  reducing  the  cost  of  spinning  has  called  special 
attention  to  the  question  of  making  this  mule  entirely  automatic. 
During  the  last  25  years  many  patents  have  been  taken  out,  and 
many  schemes  have  been  tried,  but  the  general  results  have  been 
very  unsatisfactory ;  the  methods  were  generally  of  too  provisional 
a  character. 

The  limits  of  this  paper  only  admit  a  description  of  one  system, 
which  has  been  extensively  adopted.  The  aim  of  the  inventor  has 
been  to  imitate  the  action  of  the  hand  spinner  in  every  delicate 
operation,  as  far  as  "  positive  "  mechanism  could  be  made  available. 

Descrii^tlon  of  the  Mule. — The  hand  spinner,  when  backing-off, 
brings  the  winding  faller  down  upon  the  yarn,  before  he  reverses 
the  spindles  so  as  to  uncoil  the  yarn  from  them ;  and  the  moment 
the  faller  touches  the  yarn,  both  motions  act  together.  To  obtain  this 
result  with  the  self-actor,  the  winding  faller  I  is  depressed  by  the  arm 
H  and  incline  T,  Fig.  14,  Plate  77,  just  before  the  carriage  G 
completes  its  outward  run.  At  the  same  time  the  slack  in  the  backing- 
off  chain  J,  caused  by  this  movement,  is  taken  up  by  a  modification 
of  the  apparatus  used  for  regulating  the  backing-off  chain,  in  the 
self-acting  mule  for  medium  counts,  as  previously  described.  The 
backing-off  snail  K,  chains  J  and  L,  and  bell-crank  lever  M,  remain 
as  shown  in  Fig.  7,  Plate  74.  But  instead  of  the  tail  of  the  lever 
M  bearing  as  before  upon  the  sliding  incline  N,  it  is  here  made  to 
bear  upon  an  inclined  arm  U  hinged  to  a  stationary  bracket,  and  it 
is  the  free  extremity  of  this  arm  which  bears  upon  the  sliding  incline 
jS".  The  elevation  of  the  arm  U  is  thus  gradually  increased  as  the 
incline  N  is  traversed  inwards  by  the  copping-plate  connecting-rod 
P,  so  that  it  may  give  the  exact  amount  of  tightening  motion 
required  for  the  backing-off  chain  J  at  each  stage  of  the  cop's 
progress.  In  order  further  to  modify  the  backiug-oft',  so  that  it  may 
be  suited  to  the  form  of  the  spindles,  the  eccentric  pulley  V  is 
introduced,  and  the  backing-off  chain  J  is  divided  into  two  half- 
lengths  :  the  upper  half  coils  upon  the  boss  of  the  pulley  V,  while 
the   other  half,  attached  to  the  backing-ofl"  snail  K,  coils  upon  the 
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eccentric  rim.  The  cIci)rcssion  of  the  windiug  fuller  I  is  uniform  all 
tlirough  tlic  formation  of  tlic  set  of  cops  ;  but  the  i)osition  of  tlio 
locking  lever  E  and  its  parts  is  constantly  varying  within  small 
limits,  and  the  compciJsation  rec^uircd  to  meet  the  variations  is 
provided  for  by  this  modification  of  the  motion  previously  described. 
By  these  means  a  very  delicate  action  in  the  backing-off  is  obtained. 
The  finer  the  counts  of  yarn  to  be  spun,  the  slower  is  the  velocity  of 
the  spindles  when  backing  off. 

Tlie  yarn  having  bsen  backed  off  from  the  spindle,  and  the  faller 
I  locked,  it  is  now  necessary  to  wind  the  yarn  on  the  cop,  beginning 
at  the  point  or  nose  and  winding  it  down  to  the  base  of  the  cone, 
in  preparation  for  winding  upwards  again  from  the  base  of  the  cone 
to  its  point.  A  special  apparatus  has  been  introduced  into  the 
quadrant  motion,  to  perform  this  operation  in  the  fine-spinning 
mule.  It  must  be  explained  that  fine  yarns  are  generally  doubled 
after  being  spun  ;  and  for  this  purpose  the  cop  is  mounted  on 
a  steel  skewer,  and  placed  in  the  creel  of  a  doubler,  in  a  slightly 
inclined  position,  free  to  turn  in  the  creel  and  allow  the  yarn  to  be 
uncoiled  from  the  skewer.  When  the  yarn  is  unwinding  from  the 
small  part  of  the  cop  down  to  its  full  diameter,  the  action  goes  on  all 
right,  because  there  are  many  turns  of  yarn  to  uncoil,  and  the  cop 
gradually  turns  on  its  axis  more  slowly  as  the  diameter  increases. 
About  50  inches  of  yarn  are  uncoiled  by  the  time  the  full  diameter 
is  reached ;  but  in  imcoiling  the  next  10  inches  of  yarn  there  is  a 
rapid  increase  in  the  speed  of  the  cop,  in  consequence  of  returning 
so  quickly  in  a  few  coils  from  the  full  diameter  to  the  small  diameter 
at  the  nose  of  the  cop.  This  causes  the  cop  to  be  jerked  round  too 
quickly :  it  then  overruns  itself  and  is  very  liable  to  break  the  yarn. 
The  hand  spinner  can  regulate  the  number  of  coils  at  pleasure, 
and  in  practice  it  is  found  that  about  6  coils  in  the  height  of  the 
cone  are  sufdcient  to  prevent  the  cop  from  being  jerked  round  too 
quickly  when  afterwards  unwinding  in  the  doubler ;  but  to  obtain 
this  result  by  self-acting  means  is  very  difficult,  and  only  one 
solution  has  been  found  for  it. 

The  quadi-ant  motion,  as  originally  used,  is  capable  of  giving  an 
accelerating  motion   only;   but   the  true  requirements  of  the   case 
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demand  that  tlio  motion  shall  be  first  a  diminishing  and  then  an 
ficcelerating  one,  because  the  winding  in  each  stretch  commences  on 
the  smallest  diameter,  then  winds  down  to  the  largest  diameter  or  base 
of  the  cone,  and  then  upwards  again  with  close  coils  to  the  smallest 
diameter  or  nose.  In  practice  however  this  has  never  been  fully 
attained.  It  is  found  that  by  the  yielding  of  the  counter  faller  a 
compromise  is  made  between  the  demands  of  the  small  and  large 
diameters,  when  winding  down  to  the  base  of  the  cone ;  and  as  this 
is  only  the  initial  stage  of  the  winding,  no  harm  is  done,  because 
there  is  compensation  enough  in  the  rest  of  the  winding,  which  is 
regulated  to  suit  the  exact  requirements  of  each  stretch.  But  by 
the  ordinary  arrangement  of  quadrant,  after  the  cop  has  attained  its 
full  diameter  it  is  imj^ossible  to  wind  more  than  4i  coils  of  yarn  on 
the  spindle,  during  the  time  it  is  winding  from  the  point  of  the  cop  down 
to  the  base  of  the  cone.  The  front  incline  of  the  copping  rail  A, 
Fig.  7,  has  been  lengthened  to  15  in.  and  in  some  cases  to  18  in.  (the 
inclination  being  diminished  so  as  to  preserve  the  same  absolute  rise  in 
the  longer  incline),  under  the  impression  that  a  greater  length  of  yarn 
would  thereby  be  wound  on  the  spindles  during  the  putting  down  of 
the  winding  faller.  It  is  not  from  this  however  that  the  defect  arises  ; 
but  simply  from  the  want  of  a  sufficient  number  of  turns  in  the 
spindles.  •  If  a  long  incline  is  used,  the  result  is  simi)ly  that  the 
counter  faller  rises  very  high  and  takes  up  the  slack  yarn  which 
ought  to  have  been  coiled  on  the  spindles ;  but  when  the  spindles 
receive  the  necessary  amount  of  motion  it  is  found  that  10  or  12 
inches  length  of  incline  is  sufficient  for  enabling  G  or  7  turns  of  yarn 
to  be  coiled  on  the  spindles  during  the  putting  down  of  the  faller. 

The  quadrant  is  governed  by  a  grooved  rope-drum  U,  Fig.  9, 
Plate  75,  on  the  quadrant  shaft,  this  drum  receiving  its  motion  from 
the  travel  of  the  carriage  G.  Ordinarily  the  drum  is  a  concentric 
cylinder,  so  that  if  the  motion  of  the  carriage  is  uniform,  the  rotation 
of  the  quadrant  shaft  is  uniform,  and  the  angular  motion  of  the 
quadrant  is  uniform  also.  If,  at  the  commencement  of  the  inward 
run  of  the  carriage,  the  relative  speed  of  the  quadrant,  in  the  same 
direction,  be  reduced,  it  is  evident  that  more  of  the  chain  F  will  be 
uncoiled  from  the  winding-on  drum  H,  and  more  motion  will  be  given 


520  COTTON    SPINNING    MACHINKHY.  OcT.   1880. 

to  tho  spindles.  This  is  accomjilislicd  by  alturiiig  cacli  end  of  the 
cylindrical  drum  into  a  variable  scroll  of  considerably  larger  radius 
than  the  middle  2>oi*tion  of  the  drum,  which  remains  cylindrical  as 
before.  When  tlie  carriage  begins  to  move  inwards,  it  uncoils  the  rope 
from  the  larger  radius  of  the  scroll,  and  consequently  imparts  a  slower 
motion  to  the  quadrant  shaft,  and  to  the  quadrant ;  hence  the  spindles 
revolve  quicker,  and  the  necessary  number  of  coils  of  yarn  can  easily 
be  coiled  on  them  during  the  putting  down  of  the  winding  faller.^' 
By  the  time  the  large  diameter  of  the  cop  is  reached,  the  rope  begins 
to  uncoil  from  the  cylindrical  part  of  the  drum,  and  no  further 
modification  of  the  winding  motion  takes  place  until  the  nosing  motion 
comes  into  operation.  When  once  adjusted,  no  further  attention  is 
required  from  the  spinner.  Old  spinners  long  declared  it  impossible 
to  attain  this  result  by  automatic  means. 

To  enable  the  counter  faller  to  act  quickly  without  straining  the 
yarn,  its  shaft  is  now  mounted  on  anti-friction  pulleys,  and  this  is 
found  to  work  advantageously.  The  hand  spinner  could  wind  the 
yarn  on  the  cop  without  moving  the  counter  faller ;  but  for  reasons 
already  explained  this  is  impossible  in  the  self-actor,  the  counter 
faller  playing  a  very  important  part  in  the  winding  &c. 

Special  arrangements  are  used  in  the  "  couplings  "  of  the  winding 
faller  and  counter  faller,  and  in  the  position  of  the  counter  faller 
relative  to  the  winding  faller  ;  but  these  cannot  be  dwelt  upon  here. 

The  Winding-Faller  Lifting  Motion. — The  carriage  having  arrived 
at  the  termination  of  its  inward  run,  it  is  necessary  to  lift  the  winding 
faller,  and  then  to  coil  the  remainder  of  the  unwound  yarn  upon  the 
bare  spindle,  preparatory  to  commencing  the  spinning  again  in  the 
outward  run.  This  is  the  most  important  operation  performed  by  the 
spinner.  He  allows  the  carriage  to  arrive  at  the  end  of  its  inward 
run,  before  he  begins  to  lift  the  faller  ;  the  spindles  are  then  in  their 
nearest  position  to  the  rollers,  consequently  there  is  the  shortest  length 
of  yarn  left  to  be  coiled  upon  the  spindles.  The  relative  position  of 
the  spindles  and  rollers,  as  well  as  the  inclination  of  the  spindles  to 

*  In  Fig.  9  the  ropes  are  shown,  not  upon  the  scroll  part,  but  ui)on  the 
cylindrical  part,  in  order  to  correspond  with  the  position  of  the  carriage. 
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llic  rollers,  varies  with  tlic  counts  spun,  witliin  well  defined  limits ; 
the  finer  the  counts,  the  greater  the  inclination  of  the  spindles  to  the 
rollers,  and  the  more  obtuse  therefore  the  angle  made  by  the  spindle  and 
thread  just  at  the  commencement  of  the  outward  run  of  the  carriage. 

The  winding  on  of  the  yarn  during  the  run-in  of  the  carriage 
requires  to  be  regulated  so  that  at  the  end  of  the  run-in  just 
sufiicient  yarn  is  left  to  coil  on  the  bare  tops  of  the  spindles,  without 
either  stretching  the  yarn,  or  leaving  it  slack  to  run  into  snarls. 
This  is  the  problem  to  solve.  The  spinner,  having  regulated  the 
winding  during  the  run-in,  so  that  the  proper  amount  of  yarn  was 
left  to  coil  on  the  bare  spindle,  brought  the  carriage  to  a  standstill, 
and  then  slowly  lifted  the  winding  faller,  while  at  the  same  time  he 
regulated  the  winding  so  that  the  yarn  was  coiled  on  the  taper 
spindles.  As  soon  as  the  faller  was  free  from  the  yarn,  he  allowed 
the  carriage  to  start  on  its  outward  run  for  another  stretch.  He 
performed  these  operations  with  more  or  less  rapidity  according  to 
the  counts  to  be  spun.  On  the  medium  counts  the  movements 
follow  each  other  with  almost  the  same  rapidity  and  regularity  as 
in  the  ordinary  self-acting  mule ;  but  as  the  counts  become  finer, 
the  division  of  the  operations  becomes  more  marked  and  deliberate. 
This  is  especially  so  in  the  "  Box  Organ  Hand  Mule,"  in  which  the 
spinning  does  not  commence  until  it  is  set  in  motion,  after  the 
completion  of  the  faller  lifting.  The  momentum  of  the  various 
parts  is  completely  under  the  control  of  the  spinner,  and  is 
practically  destroyed. 

In  ordinary  self-actors  the  unlocking  of  the  faller  takes  place 
during  the  run-in  of  the  carriage,  but  at  as  late  a  period  as  possible. 
The  carriage,  when  near  the  termination  of  its  inward  run,  brings 
the  end  of  the  locking  lever  in  contact  with  the  fixed  unlocking 
bracket,  and  forces  the  locking  lever  out  of  contact  with  the  copping 
parts  of  the  mule.  After  the  faller  is  thus  unlocked,  the  copping  rail 
has  no  further  control  over  it. 

It  will  be  understood  from  the  preceding  explanation  that  the 
unlocking  must  be  completed  before  the  termination  of  the  inward 
run  of  the  carriage.  In  determining  how  late  it  is  safe  to  unlock 
the  faller,  allowance  has  to  be  made  for  the  variations  in  the  speed 
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with  wliicli  the  carriage  runs  in,  owing  to  tlic  variations  in  the  speed 
of  the  engines,  and  to  the  condition  of  the  taking-in  bands,  which  affect 
the  momentum  of  the  various  parts,  causing  the  carriage  sometimes  to 
strike  against  the  back  stops  very  heavily,  and  at  other  times  scarcely 
to  touch  them.  This  variation  affects  the  unlocking  very  materially, 
and  causes  the  faller  to  be  unlocked  irregularly.  In  well  constructed 
mules  these  variations  are  reduced  to  a  minimum,  but  they  are  never 
entirely  eliminated.  The  result  is  that  more  slack  yarn  is  left 
unwound  than  is  required  for  coiling  on  the  spindles. 

In  the  apparatus  shown  in  Fig.  15,  Plate  78,  the  operation  is 
effected  in  the  following  way.  Instead  of  the  unlocking  bracket  A 
being  a  fixture,  as  ordinarily  used,  it  is  here  mounted  on  a  sliding  bar, 
which  is  hinged  to  the  weighted  bell-crank  lever  B  tending  always  to 
throw  the  stop  A  forwards  into  the  position  shown  full.  Suitable 
arrangements  are  made  for  restoring  this  apparatus  to  its  normal 
position,  shown  dotted,  after  it  has  unlocked  the  faller  I.  When  in 
position  for  unlocking,  as  shown  dotted,  it  is  held  back  by  a  catch  C, 
also  of  bell-crank  shape ;  this  catch  is  liberated  by  the  carriage  G 
striking  against  its  tail  at  the  proper  time,  but  always  near  the 
termination  of  the  inward  run.  The  locking  lever  R  and  its 
connected  parts  remain  as  usual.  The  unlocking  stop  A  is  set  back^ 
as  shown  dotted,  so  that  the  carriage  can  go  close  up  to  the  back 
stops  without  unlocking  the  faller ;  but  the  carriage  no  longer 
directly  forces  the  unlocking.  On  the  carriage  liberating  the  catch  C, 
which  holds  back  the  unlocking  stop  A,  the  weighted  lever  B  falls, 
and  throws  the  stop  forwards  against  the  tail  of  the  locking  lever  R, 
and  thus  unlocks  it  just  as  the  carriage  completes  its  inward  run. 
By  setting  the  catch  C  to  be  liberated  sooner  or  later  by  the  carriage, 
the  faller  can  be  unlocked  at  the  proper  time.  In  practice  it  is 
found  that  the  rollers  and  carriage  motions  are  engaged,  ready  for 
another  stretch,  before  the  faller  I  has  lifted  clear  of  the  yarn  as  it 
is  coiling  up  to  the  point  of  the  bare  spindle.  By  these  means  the 
winding  on  of  the  yarn  upon  the  cops  is  prolonged  to  the  latest  period, 
preparatory  to  coiling  the  remainder  of  the  yarn  on  the  bare  sj)indle^ 
In  the  ordinary  self-actor,  as  soon  as  the  faller  is  unlocked,  the 
yarn  is  allowed  to  be  coiled  on  the  bare  spindle  by  the  momentum 
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ac(xiiirctl  by  the  spindles  during  tlie  run-in  of  the  carriage,  the  faller 
\Yire  being  raised  quickly  out  of  the  way  by  the  lifting  springs 
The  results  are  very  irregular  ;  sometimes  snarls  are  wound  on,  and 
sometimes  the  yarn  is  stretched,  or  "  cut "  as  it  is  called.  In  the 
arrangements  illustrated  in  Fig  15,  Plate  78,  the  tin  roller  K  which 
drives  the  spindles  S  is  connected  with  the  faller  shaft  J  positively, 
by  a  train  of  gearing,  so  that  the  tin  roller  controls  the  motion  of  the 
faller  during  its  rise.  The  relative  motions  of  the  tin  roller  and 
faller  are  not  always  the  same.  The  motion  of  the  tin  roller  being- 
assumed  as  uniform,  the  motion  imparted  to  the  spindles  will  be 
uniform  also ;  but  in  order  that  the  yarn  may  be  guided  so  as  to  coil 
nicely  on  the  bare  spindle  above  the  cop,  it  is  obvious  that  the  faller 
wire  must  rise  most  quickly  when  winding  on  the  largest  diameter  of 
spindle,  and  the  rate  of  rising  must  gradually  diminish  as  the  spindle 
decreases  in  diameter  towards  the  top,  thus  producing  a  tapering- 
spiral  of  yarn  on  the  spindle.  To  obtain  this  result  a  pair  of  volut 
wheels  are  employed,  which  convert  the  uniform  motion  of  the  tin 
roller  K  into  a  variable  motion  of  the  faller  shaft  J. 

This  connection  of  the  tin  roller  and  faller  shaft  must  however  be 
continued  only  during  the  lift  of  the  faller ;  because  the  tin  roller, 
first  set  in  motion  to  turn  the  spindles  for  lifting  the  faller,  continues 
in  motion  during  the  whole  of  the  outward  run  and  until  the  backing- 
off  takes  place  ;  whereas  the  faller  must  stop  rising  almost  immediately,, 
it  has  coiled  the  yarn  up  to  the  top  of  the  bare  spindle. 

The  following  is  accordingly  the  mode  of  action.  A  hollow  friction 
cone  D,  Fig.  16,  Plate  78,  is  keyed  fast  on  the  shaft  of  the  tin 
roller  K.  Loose  on  the  same  shaft  is  a  solid  friction  cone,  covered  as 
usual  with  leather,  and  capable  of  being  slid  along  the  shaft  into  and 
out  of  gear  with  the  fast  cone.  Cast  to  the  loose  cone  is  a  pinion  J, 
gearing  into  the  carrier  wheel  E  and  having  a  deep  flange  cast  on  its 
outer  end  ;  its  teeth  are  also  wider  than  the  teeth  of  the  carrier  wheel 
E,  to  allow  of  its  sliding  far  enough  for  disengaging  the  loose  cone 
from  the  fast  one.  On  the  outer  side  of  the  carrier-wheel  rim  is  cast 
an  inclined  cheek  T,  capable  of  bearing  against  the  inside  of  the  flange 
on  the  pinion  J  and  so  drawing  the  loose  cone  out  of  gear.  This 
pinion  has  also  a  groove  cut  into  its  boss,  into  which  fits  the  fork 
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of  tlic  cugaging  lever  F,  weighted  with  a  counterweight,  which  always 
tends  to  slide  the  loose  cone  into  contact  with  the  fast  one,  and  so 
engage  them  together.     Now  it  will  be  obvious  that  the  lifting  motion 
should    be   brought   into   action   immediately   the    faller   has   been 
unlocked.     If  it  were  put  into  action  too  soon,  one  motion  would 
be  acting  against  the  other,  and  a  breakdown  would  be  the  result ; 
and  if  too  late  it  would  be  useless.     To  ensure  both  motions  working 
in   harmony,    the   unlocking  of    the  faller  is  made  to  liberate  the 
weighted  engaging  lever  F,  and  thus  allow  it  to  put  the  friction  cones 
into  gear.     This  is  accomplished  by  means  of  the  connecting-rod  H, 
which  forms  a  lock  for  the  end  of  the  connecting-rod  L,  the  latter 
being  coupled  to  the  weighted  engaging  lever  F.     The  two  rods  work 
at  right  angles  to  each  other.     On  the  unlocking  of  the  faller  at  the 
end  of  the  inward  run,  the  connecting-rod  H,  which  is  worked  from 
the  faller  lever  R,  is  pulled  forwards  in  the  direction  of  the  arrow, 
until  it  releases  the  stud  on   the   other  connecting-rod  L,  and    so 
liberates  this  rod  and  the  weighted  lever  F,  which  at  once  throws  the 
friction  cones  into  gear.     As  soon  as  the  friction  cones  are  in  gear, 
the  faller  I  begins  to  be  lifted,  motion  being  communicated  to  it  in 
the  proper  ratio  from  the  tin-roller  shaft  K  by  the  volute  arcs  N  N. 
By  the  time  the  faller  is  lifted  clear  of  the  yarn  and  its  work  done, 
the  inclined  cheek  T  on  the  side  of  the  carrier  wheel  E  has  begun  to 
bear  against  the  flange  of  the  pinion  J,  and,  forcing  it  outwards  by  its 
wedge  action,  draws  the  friction  cones  asunder,  and  thus  severs  the 
motion   from   the  tin   roller   to   the   faller.     This  action  is  a  very 
beautiful  one. 

Self-stopping  couplings  to  the  cam  shaft  are  common,  but  these 
stop  during  less  than  a  revolution  of  the  shaft.  For  the  above 
purpose  the  stopping  must  be  effected  anywhere  between  a  part  of  a 
revolution  and  three  revolutions  or  more :  no  two  draws  are  alike, 
since,  as  the  cop  is  built  up,  less  and  less  of  the  spindle  is  left  bare, 
and  therefore  the  faller  has  to  be  lifted  less,  and  the  lifting  motion 
must  be  disengaged  earlier.  By  setting  the  inclined  disengaging 
cheek  T  of  the  carrier- wheel  E  so  that  the  disengagement  takes  place 
immediately  the  faller  has  risen  clear  of  the  yarn,  it  is  always  safe. 
The  arc  through  which  the  faller  has  to  be  lifted  is  comparatively 
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small,  say  about  80°  wlien  beginning  a  set  of  cops,  and  becomes 
gradually  less  until  it  is  only  about  30°  on  the  comi)letion  of  the  cops. 

When  the  spindles  are  backing  off,  the  putting  down  of  the 
winding  faller  by  the  backing-off  chain  reverses  the  train  of  gearing, 
and  removes  the  inclined  disengaging  cheek  of  the  carrier-wheel  E 
from  contact  with  the  flange  of  the  pinion  J.  This  action  would  allow 
the  friction  cones  to  be  thrown  into  gear  again  by  the  weighted 
lever  F,  if  not  prevented  by  a  stop  M,  Fig.  15,  which  holds  np  the 
lever  F.  The  carriage  G,  when  near  the  termination  of  its  outward 
run,  brings  a  part  of  the  lever  F  against  the  stop  so  as  to  be  held 
by  it.  The  greater  the  arc  of  motion  of  the  faller  during  the  backing 
off,  the  greater  is  the  motion  of  the  carrier- wheel  E,  the  further  is 
the  inclined  cheek  T  upon  it  removed  from  the  flange  of  the  pinion  J, 
and  the  more  revolutions  are  made  by  the  pinion.  Whether  the 
faller  I  moves  through  a  large  or  small  arc  therefore,  it  is  always 
liberated  from  the  control  of  the  tin  roller  at  the  proper  time.  The 
whole  operation  occupies  only  about  one  second.  It  is  the  short 
time  allowed  which  forms  one  of  the  difiiculties  of  this  difficult 
problem. 

The  stop  M,  Fig.  15,  which  keeps  the  friction  cones  D  out  of  gear 
during  the  backing  off,  keeps  them  so  until  the  lock  R  of  the  faller, 
sliding  the  connecting-rod  H  inwards,  locks  the  connecting-rod  L, 
as  explained  before,  and  so  holds  up  the  weighted  engaging  lever  F. 

Another  important  feature  of  this  operation  is  the  speed  at  which 
the  parts  are  allowed  to  work.  The  speed  of  the  spindles,  at  the 
termination  of  the  inward  run,  is  too  quick  to  allow  of  the  use  of  the 
positive  gearing  already  described,  as  it  is  found  impossible  to  engage 
the  parts  sufficiently  quickly.  This  difficulty  is  further  increased  by 
the  spindles  being  quickened  to  the  spinning  speed  directly  the  carriage 
finishes  its  inward  run  ;  for  it  is  impossible  to  rely  on  the  momentum 
of  the  spindles  for  continuing  their  rotation  during  the  lifting  of  the 
faller,  the  results  being  too  variable.  To  overcome  this  difficulty, 
an  extra  driving  belt,  called  the  "  taking- in  "  belt,  is  used  for  driving 
the  self-acting  pulley  ;  this  belt  has  generally  about  half  the  speed 
of  the  main  rim-shaft  belt,  both  belts  working  on  pulleys  of  the  same 
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diameter  ou  the  riin-sbaft.  Fig.  17,  l*latc  77,  is  a  plan  of  the 
headstock  carryiug  tho  main  driving  or  rim-shaft  K.  Tho  quick 
driving  belt  runs  on  the  fast  jnilley  A  and  loose  pulley  B,  ^vllile  C  and 
D  are  the  fast  and  loose  pulleys  for  the  slower  belt ;  both  belts 
receive  their  motion  as  usual  from  the  counter-shaft  S,  Fig.  18. 

The  cam  shaft  has  three  changes  in  this  mule.  When  the  carriage 
is  making  its  outward  run,  the  quick  belt  is  on  its  fast  pulley  A,  and 
the  slow  belt  is  on  its  loose  pulley  D.  At  the  proper  time  the  cam 
shaft  makes  its  first  change,  the  rollers  are  stopped,  and  when  the 
2)roi)cr  amount  of  twist  has  been  put  into  the  yarn,  the  twist  motion 
disengages  the  catch  which  holds  the  quick  belt  on  the  fast  pulley  A, 
and  allows  a  spring  to  shift  it  on  to  the  loose  pulley  B.  This  allows  the 
backing-off  to  take  place  in  the  usual  way  ;  after  which  the  carriage  is 
caused  to  make  its  inward  run,  and  just  before  the  termination  causes 
the  cam  shaft  to  make  a  second  change,  and  shifts  the  slow  taking-in 
belt  on  to  its  fast  pulley  C,  whereby  the  rim- wheel  W  is  then  driven 
at  a  comparatively  slow  rate.  It  is  whilst  this  slower  speed  has  the 
control  of  the  mule  that  the  lifting  apparatus  does  its  work.  The 
slower  belt  when  first  shifted  to  its  fast  pulley  acts  as  a  kind  of 
brake  on  the  momentum  of  the  rim  shaft  E,  and  can  be  relied  upon 
to  give  the  same  retardation  in  every  stretch.  When  the  winding 
fallcr  has  lifted  nearly  clear  of  the  yarn,  a  finger  on  it  comes  in 
contact  with  the  cam  shaft  escapement,  and  allows  the  cam  shaft  to 
make  a  third  change,  which  shifts  the  slow  belt  back  from  its  fast 
pulley  C  to  its  loose  pulley  D,  and  then  shifts  the  quick  belt  on  to 
its  fast  pulley  A,  causing  the  spinning  to  go  on  at  the  proper  speed. 
So  rapidly  is  the  whole  operation  performed  that  it  is  impossible  to 
see  the  change  in  speed  from  the  slow  to  the  quick  belt,  though  of 
course  it  is  easy  to  see  the  movement  of  the  belts  from  one  pulley  to 
the  other.  The  slower  the  operation,  the  more  perfectly  is  it  done  ; 
but  it  is  found  to  be  well  done  with  spindles  running  at  1,500 
revolutions  per  minute. 

During  the  outward  run   of  the  carriage  the  various  parts  are 
replaced  in  their  proper  position  for  effecting  these  operations. 

An  apparatus  is  also  used  by  which  the  winding  faller,  during 
the  time  it  is  being  lifted,  is  enabled  to  govern  the  counter  faller 
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in  such  a  manner  tliat  the  counter  fallcr  is  free  to  take  np  the  slack 
yarn,  if  any,  made  during  the  rise  of  the  winding  fallcr,  and  is 
dcjn'cssed  below  the  yarn,  as  usual,  before  the  spinning  commences 
again. 

"  Double  speed  "  motions  are  still  used  for  the  finest  counts ;  but 
as  this  clement  would  render  the  previous  explanation  more  complex, 
it  has  been  purposely  omitted. 

Ring  Siy'inning. 

In  conclusion,  it  is  necessary  to  allude  to  the  question  of  Eing 
Spinning.  Of  late  years  considerable  attention  has  been  given  to 
this  subject,  and  many  machines  for  the  purpose  have  been  set  to 
work  in  this  and  other  countries.  In  America  it  has  long  been  in 
use.  The  best  type  of  spindle  in  these  machines  is  the  outcome  of 
American  experience,  the  most  popular  being  the  "  Rabbeth "  and 
•'  Booth  Sawyer." 

King  spinning  has  generally  been  substituted  hitherto  for  fly 
throstle  spinning,  to  which  it  is  more  closely  allied ;  but  in  some 
cases  it  is  competing  with  mule  spinning,  although  to  a  very  limited 
extent  on  account  of  its  winding  on  wood  bobbins.  It  is  only 
suitable  for  medium  counts,  and  requires  good  cotton  to  give  the 
best  results.  It  produces  a  stronger  yarn  than  the  mule,  but  not  so 
strong  as  the  throstle ;  nor  is  it  so  universal  in  its  application  as 
the  latter.  Further  experience  is  necessary  before  it  will  be  safe  to 
say  what  is  the  proper  position  of  the  ring-spinning  throstle  in  the 
economy  of  the  cotton  trade.  At  present  opinions  differ  very  much 
indeed  on  the  question ;  and  as  to  durability  there  are  no  data  from 
which  comparisons  can  be  made  with  other  competing  machines. 

The  writer  has  now  only  to  express  his  great  indebtedness  to 
Mr.  John  Dodd,  of  the  firm  of  Messrs.  Piatt  Brothers  and  Co.,  for 
the  preparation  of  this  paper,  and  to  the  same  firm  for  the  drawings. 


528  COTTON    SriNNING    MACHINEUY.  Oct.   188/). 

Tbo  PiiESiDENT  proposed  a  licarty  vote  of  thanks  to  Mr. 
Spencer  for  liis  elaborate  and  excellent  paper ;  and  also  for  the 
important  series  of  drawings,  which  would  all  be  carefully  reproduced 
in  the  Proceedings,  and  would  give  very  valuable  information  to  the 
members.  He  had  thought,  with  regard  to  an  industry  like  the 
cotton  manufacture,  occupying  as  it  did  hundreds  of  thousands  of 
hands,  that  it  would  be  a  reproach  to  the  Institution  if  the  members 
had  not  the  best  and  latest  information  on  the  subject ;  he  had  gone 
to  headquarters  for  it,  and  the  Institution  had  now  been  supplied 
with  the  information  in  the  most  liberal  manner  by  Mr.  Spencer,  with 
the  assistance  of  Messrs.  Piatt  Brothers. 

Mr.  Spencer  said  he  had  only  to  add  that  in  preparing  the  paper 
he  had  had  the  assistance  of  several  other  gentlemen ;  and  had  been 
obliged  to  rely  on  them  to  some  extent,  as  he  had  himself  been  somewhat 
out  of  health  during  the  past  year,  so  that  a  great  portion  of  thu 
paper  was  not  really  his  own.  He  had  however  done  his  best  iu 
compiling  it,  and  he  was  glad  it  had  received  approval ;  but  he  was 
sure  the  meeting  would  include  these  gentlemen  also  in  the  vote  of 
thanks. 

The  vote  of  thanks  was  passed  unanimously. 


The  following  paper  was  then  read  : — 
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ON   IMPLEMENTS  AND  MACHINERY 
FOR  CULTIVATING  LAND   BY  HORSE-POWER. 


By  Mr.  W.  E.  BOUSFIELD,  of  Loxdox. 


The  operations  of  agriculture,  so  far  as  tliey  come  within  the 
province  of  the  mechanical  engineer,  may  be  roughly  divided  into 
four  groups  as  follows  : — 

1.  The  preparation  of  the  land. 

2.  The  sowing  of  seed,  &c. 

3.  The  harvesting  of  the  crops.'' 

4.  The  preparation  of  the  crops  for  consumption. 

The  writer  proposes  to  consider  in  this  paper  the  operations 
included  in  the  first  of  these  groups,  so  far  as  they  are  effected  by 
implements  or  machinery  worked  by  horses ;  and  to  discuss  the 
construction  of  these  implements  and  machines,  and  the  conditions 
to  be  fulfilled  by  them  for  the  most  efficient  performance  of  their 
work. 

In  order  that  the  surface  of  the  ground  may  be  brought  into,  and 
maintained  in,  a  condition  of  fertility  for  the  production  of  cultivated 
crops,  it  must  be  properly  drained,  must  be  periodically  stirred  and 
turned  over,  so  that  every  part  of  the  soil  to  a  certain  depth  may  be 
exposed  to  atmospheric  influences,  must  be  reduced  to  a  finely  divided 
and  porous  state,  so  that  the  rootlets  of  the  plants  may  have  free 
scope,  and  must  be  from  time  to  time  manured,  to  compensate  for  the 
exhaustive  effect  of  the  crops  produced. 
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Wc  have  therefore  to  consider : — 

1.  Implements  for  drainage. 

2.  Ploughs. 

3.  Cultivators. 

4.  Harrows. 

5.  Rollers  and  Clod  Crushers. 
C.  Manure  distributors. 

1.  Implements  for  Drainage. 

The  importance  of  a  thorough  system  of  surface  drainage  has 
but  lately  begun  to  be  universally  recognised.  In  relation  to  porous 
soils  the  subject  is  of  less  moment;  but,  with  heavy  clay  lands, 
the  different  proportions  of  the  rainfall  which  pass  off  by  proper 
drains,  or  by  percolation  through  the  underlying  strata,  or  by 
evaporation,  are  of  the  utmost  importance.  Stagnation  of  water  not 
only  renders  the  operations  of  husbandry  more  difficult,  but  is 
absolutely  fatal  to  many  crops.  Besides  this,  the  loss  of  heat  due 
to  an  excessive  quantity  of  moisture  passing  off  by  evaporation  is 
highly  prejudicial.  In  climates  such  as  our  own,  on  the  supposition 
that  one  fourth  of  the  whole  rainfall  passes  oft'  by  evaporation  instead 
of  by  proper  drains,  there  is  a  loss  of  energy  over  a  given  area 
of  clay  land  sufficient  to  plough  it  several  times ;  and  no  doubt  an 
important  part  of  the  heat  thus  abstracted  would,  if  the  land  were 
properly  drained,  appear  as  potential  energy  in  the  shape  of  roots 
and  grain. 

Various  attempts  have  been  made  by  the  mechanical  engineer 
to  assist  the  agriculturist  in  the  matter  of  drainage.  The  most 
practically  efficient  implement  is  the  Subsoil  plough,  by  means  of 
which  the  ground  is  stirred  to  a  depth  of  from  one  to  two  feet  below 
that  at  which  it  is  usually  cultivated. 

"When  the  land  is  drained  by  means  of  a  system  of  pipes  laid 
at  a  depth  of  from  two  to  four  feet,  the  subsoilcr  is  of  great 
value  in  opening  out  a  connection  between  the  drain  and  the 
surface.  Perhaps  the  best  plan  of  subsoiling  by  horse  power  is  to 
remove  the  right-hand  body  of  an  ordinary  double-furrow  plough, 
and  to  substitute  for  it  a  strong  tine,  working  at  the  requisite  depth 
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below  tlic  bottom  of  the  furrow.  With  this  plan  the  ground  is  not 
trodden  by  the  horses  after  the  subsoiler  has  done  its  work,  but 
is  immediately  covered  over  by  the  next  furrow  slice.  According 
to  the  method  of  subsoiling  generally  adopted,  the  subsoiler  is 
mounted  as  a  separate  implement  following  in  the  wake  of  the 
ordinary  plough ;  but  this  system  is  attended  with  the  disadvantage 
of  employing  two  sets  of  men  and  horses,  besides  which  the  pan 
of  the  furrow  is  twice  trodden  by  the  team,  once  before  the  action 
of  the  subsoiler,  and  once  after,  when  the  plough  comes  round  again. 
.  Besides  the  subsoil  plough,  which,  strictly  speaking  is  only  an 
auxiliary  to  the  work  of  drainage,  special  draining  ploughs  have 
been  made  and  used  to  some  extent;  the  object  aimed  at  being 
to  cut  a  channel  of  some  kind  through  which  drainage  may  take 
place,  or  in  which  drain-tiles  may  be  laid.  The  oldest  of  these  is 
the  Mole  plough,  which  consists  of  a  solid  cylinder  of  iron,  pointed 
at  the  front  end,  and  attached  by  means  of  a  deep  frame  to  a  strong- 
beam.  The  cylinder  or  mole,  being  drawn  through  the  earth  at  a 
depth  of  from  12  to  20  inches,  leaves  behind  it  a  channel 
communicating  with  the  surface  by  a  narrow  opening.  A  series  of 
these  channels  is  connected  by  a  master  drain  running  transversely. 
The  mole  plough  can  only  be  used  to  advantage  on  stiff  clay  lands  ; 
and  even  on  these  the  channels  formed  by  it  are  not  very  lasting, 
nor  is  the  system  of  drainage  very  efficient.  An  attempt  was  made, 
many  years  ago,  to  render  the  channels  so  formed  permanent,  by 
causing  the  mole  to  draw  after  it  into  the  bore  which  it  formed  a  series 
of  drain  tiles  strung  on  a  wire  rope,  which  was  afterwards  withdrawn. 
The  machine  was  worked  by  two  horses  through  a  windlass,*  and  was 
capable  of  adjustment  to  avoid  the  inequalities  of  level  in  the  work,  due 
to  the  uneven  surface  of  the  ground  ;  but  the  apparatus  seems  to  be  of 
very  limited  application.  In  fact  the  field  for  drainage  implements  is 
so  limited,  that  no  great  amount  of  ingenuity  has  been  expended  on 
their  production.  Nevertheless  an  implement  which  would  open  out 
a  trench  from  two  to  four  feet  in  depth  for  the  reception  of  ordinary 
drain  tiles,  in  such  a  manner  as  to  compete  with  hand  labour,  would 

*  See  Mr.  J.  FoNvler's  Paper,  Proceedings  1S37,  p.  57. 
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be  of  great  advantage  for  clay  land  free  from  stones.  Mr.  MacEwen, 
of  Blalkdub,  attempted  to  solve  the  problem  by  means  of  two  ploughs, 
having  the  cutting  parts  and  breast  of  the  requisite  form.  The  first 
plough  was  intended  to  cut  out  the  slice  to  half  the  required  depth  ; 
the  second  to  complete  the  trench.  An  attempt  has  also  been  made 
to  achieve  the  object  in  view  by  means  of  a  revolving  disc  carrying 
a  series  of  cutting  scoops,  but  the  writer  believes  that  it  was 
unsuccessful.     The  problem  still  waits  for  a  practical  solution. 

2.  Ploughs. 

Leaving  the  question  of  subsoiling  and  drainage,  we  pass 
on  to  consider  the  implement  which  is  the  most  important  of  all 
to  the  farmer — the  Plough.  The  history  of  the  early  development 
of  the  plough  is  a  matter  of  archaeological  rather  than  of  mechanical 
interest,  and  has  been  treated  of  by  Mr.  W.  Waller  in  a  paper  read 
before  the  Institution  (Proceedings,  1857,  p.  41*).  We  proceed  at 
once  to  the  consideration  of  the  implement  in  its  modern  forms,  as 
illustrated  in  Plate  80. 

Although  the  general  features  of  the  plough  are  the  same  for 
all  kinds  of  work  and  in  all  localities,  yet  the  details  of  construction 
are  subject  to  numerous  modifications,  according  to  the  nature  of 
the  work  required  to  be  done,  and  to  the  custom  or  requirements 
of  the  district  for  which  the  plough  is  intended.  The  essentials  of 
the  plough  are,  the  beam  B,  Fig.  6,  the  cutting  and  turning  parts 
of  the  implement,  the  head  H  at  the  front  end,  through  which  the 
draught  is  taken,  and  the  handle  or  handles  at  the  other  end,  by 
means  of  which  the  implement  is  controlled. 

The  beam  and  handles  together  constitute  a  framework,  which 
must  be  proportioned  so  as  to  give  to  the  ploughman  the  requisite 
command  over  the  implement,  and  must  possess  sufficient  rigidity 
to  withstand  the  longitudinal  and  torsional  strains  to  which  it  is 

*  The  writer  has  lately  seen,  at  the  Eoman  Villa  which  has  recently  been 
unearthed  at  Brading  in  the  Isle  of  Wight,  a  mosaic  representation  of  a  plough 
having  the  form  of  a  pointed  cylinder  attached  to  a  hooked  handle,  the 
implement  being  about  four  feet  long  and  held  in  the  hand  ;  this,  he  believes, 
has  not  previously  been  described. 
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subjected.  When  the  motion  of  the  plough  is  steady,  the  chief 
strains  tend  to  stretch  the  beam  and  to  bend  it  upwards.  By  means 
of  the  draught-chain  the  draught  may  be,  and  is  by  some  makers, 
taken  directly  from  the  body,  the  head  exercising  only  a  directive 
influence,  and  thus  the  beam  is  relieved  from  the  tensional  strain. 
But  the  advantage  of  the  draught-chain  is  doubtful ;  as  a  beam  which 
is  strong  enough  to  resist  the  bending  strains  and  those  brought  into 
play  in  turning  at  the  headland,  will  be  sufficiently  strong  to  bear 
in  addition  the  tensioual  strain.  There  seems  to  be  no  good  reason 
therefore  why  the  draught  should  not  be  taken  directly  from  the 
head  in  every  case. 

The  handles  must  be  sufficiently  rigid  to  withstand  an  upward 
or  downward  pressure  or  a  twisting  strain  from  the  ploughman, 
either  in  the  work  of  the  implement  or  in  turning  at  the  headland. 
Their  height  above  the  bottom  of  the  furrow  should  be  adapted 
to  the  stature  of  the  ploughman,  and  their  length  to  the  nature  of 
the  work  for  which  the  plough  is  intended. 

"  The  head  stands  to  the  plough  in  the  same  relation  as  the 
rudder  to  a  ship."  By  means  of  it  the  point  of  application  of  the 
draught  may  be  adjusted,  both  vertically  and  laterally,  so  that  the 
plough  may  be  even  and  steady  in  its  motion,  without  any  tendency 
to  run  into  or  out  of  the  land,  the  guiding  work  of  the  ploughman 
exercised  through  the  handles  being  thus  reduced  to  a  minimum. 
"Where  no  draught-chain  is  used,  the  head  usually  consists  of  a 
vertical  bar,  called  the  hake,  carrying  a  series  of  notches  by  means 
of  which  the  vertical  adjustment  may  be  given,  and  capable  of  being- 
moved  about  a  vertical  axis,  and  fixed  in  any  position  upon  a 
horizontal  sector  of  a  circle,  so  as  to  give  the  lateral  adjustment. 
Where  the  draught-chain  is  used,  a  rod  which  can  slide  vertically, 
carrying  an  eye  through  which  the  draught-chain  passes,  takes  the 
place  of  the  hake.  In  some  of  the  most  improved  ploughs  the 
lateral  adjustment  is  given  with  great  nicety  by  means  of  a  transverse 
screw,  working  through  a  block  which  carries  the  hake.  This  nicety 
is  of  considerable  importance,  as  a  very  small  alteration  in  the 
direction  of  the  draught  gives  the  plough  a  tendency  to  swerve  from 
the  straight  line. 
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Tlic  framework  coDstitutcd  by  tlic  beam  and  handles  is  substantially 
tho  same  for  all  kinds  of  work  ;  but  the  cutting  and  turning  parts  of 
the  implement  are  necessarily  modified  to  suit  tho  nature  of  the  soil, 
and  the  requirements  of  the  agriculturist.  The  furrow  slice  is  cut 
liorizontally  from  the  subjacent  laud  by  means  of  the  share  S, 
Fig.  G,  and  vertically  from  tlie  adjacent  soil  by  means  of  tho 
coulter  C ;  and  when  cut  is  turned  over  by  the  breast  or  mouldboard 
M.  The  coulter  is  fixed  upon  the  front  part  of  the  beam  ;  the  sliarc 
and  breast  are  carried  by  the  frame,  which  is  fastened  to  the  hinder 
part  of  the  beam.  The  vertical  pressure  of  the  plough  upon  the 
ground  is  taken  by  the  sole-plate  P,  which  is  fixed  to  the  underside 
of  the  frame ;  and  the  side  pressure  of  the  plough  upon  the  land  is 
taken  by  the  side-plate  L,  which  is  attached  to  the  side  of  the  frame. 
The  frame  with  its  attachments  constitutes  the  "body"  of  the 
2)lough,  and  the  character  of  the  implement  depends  upon  this  part 
of  it. 

The  share  S,  Fig.  6,  is  usually  of  cast  iron,  of  a  triangular  form, 
and  is  fixed  to  the  frame  by  means  of  a  socket,  and  secured  by  a  pin 
or  hook.  The  share  has  not  only  to  cut  the  underside  of  the  slice, 
but  to  give  the  slice  a  certain  twist,  and  also  to  commence  to  turn  it 
over.  Its  upper  surface  must  be  a  continuation  of  the  sweep  of  the 
breast,  and  its  under  surface  is  usually  hollowed  out  so  as  to  render 
the  cutting  edge  more  acute.  The  ordinary  length  of  the  share  is 
about  10  inches,  and  the  width  somewhat  less  than  the  width  of 
the  slice,  so  that  the  slice  is  not  entirely  cut  from  the  ground 
beneath.  If  the  share  is  of  a  width  sufficient  to  cut  the  slice 
completely,  the  slice  is  apt  to  be  pushed  aside  by  the  lateral  thrust 
of  the  front  part  of  the  breast,  and  partially  broken,  instead  of  being 
uniformly  turned  over  ;  but  by  leaving  a  narrow  strip  uncut,  a  lateral 
resistance  is  provided  which  prevents  this. 

For  paring  turf  or  stubble  a  broad  steel  share  about  15  inches 
wide  is  used  ;  and  for  very  strong  land  the  share  terminates  in  a 
long  and  narrow  point,  which  finds  its  way  between  the  stones  and 
gradually  pushes  them  aside,  thus  diminishing  the  shock  which, 
would  be  caused  by  a  short  point  meeting  a  heavy  stone. 
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A  slight  "  pitch  "  is  usually  given  to  the  share  ;  that  is,  the  point 
is  inclined  downwards,  in  order  that  the  share  may  have  no 
tendency  to  run  out  of  the  land  and  diminish  the  depth  of  the 
work. 

The  front  part  or  neck  of  the  frame,  on  which  the  socket  of  the 
share  is  fitted,  is  sometimes  for  economy  made  solid ;  hut  in  the 
most  improved  ploughs  the  share  is  fixed  to  the  end  of  a  lever,  called 
the  lever-neck,  which  admits  of  a  slight  motion  about  a  horizontal 
axis,  so  that  the  pitch  of  the  share  may  be  adjusted. 

It  is  most  important  that  the  cutting  edge  of  the  share  should  be 
kept  sharp,  otherwise  the  draught  of  the  implement  will  be  materially 
increased.  This  object  is  effected  by  the  method  of  chilling  cast- 
iron  shares,  which  was  introduced  by  the  late  Mr.  Robert  Eansome  of 
Ipswich  in  the  year  1803.  The  under  surface  of  the  share  is  chilled 
in  casting,  and  thereby  rendered  extremely  hard,  whilst  the  upper 
surface  remains  comparatively  soft ;  the  effect  being  that  the  soft 
upper  surface  of  the  share  wears  back  from  the  hard  under  surface, 
which  therefore  always  presents  a  sharp  cutting  edge. 

The  coulter  C,  Fig.  6,  is  usually  in  the  form  of  a  heavy  knife- 
blade,  terminating  in  a  rectangular  or  cylindrical  shaft,  by  means  of 
which  it  is  attached  to  the  beam.  The  form  of  the  beam  and  the 
nature  of  the  attachment  must  be  such  as  to  admit  of  the  coulter 
being  set  at  the  particular  angle  with  the  vertical  which  is  required 
by  the  nature  of  the  soil.  When  the  coulter-shaft  is  cylindrical,  the 
cutting  edge  of  the  coulter  should  be  as  near  to,  and  the  back  of  the 
blade  as  far  behind,  the  axis  of  the  cylindrical  part  as  possible ;  so 
that  the  direction  of  the  resultant  resistance  of  the  earth  on  either 
side  of  the  blade  may  pass  behind  the  axis,  and  consequently  the 
coulter  may  have  no  tendency  to  turn  round  its  axis. 

The  sharpness  of  the  coulter  is  as  important  as  that  of  the  share, 
and  may  be  secured  by  similar  means.  The  coulter  being  of  wrought 
iron,  its  land  side  may  be  laid  with  steel  and  hardened ;  and  thus  the 
unequal  wear  will,  as  in  the  case  of  the  share,  preserve  a  sharp  edge. 

Where  the  soil  is  of  a  peaty  or  fibrous  texture  and  free  from 
stones,  as  in  the  fen  districts,  a  skeith  or  disc  coulter,  consistinf]^  of  a 
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tliiu  steel  disc  with  a  sharp  cutting  edge,  wliich  can  rotate  about  a 
transverse  horizontal  axis,  is  used  in  preference  to  a  knife  coulter. 

Leaving  the  cutting  parts  of  the  plough,  we  proceed  to  consider 
the  breast  or  mouldboard  M,  Fig.  G,  by  means  of  which  the  furrow 
slice  is  turned  over :  the  form  of  which  has  been,  and  still  is,  a 
fruitful  subject  for  discussion.  The  nature  of  the  work  done  depends 
almost  entirely  upon  the  shape  of  the  breast,  which  must  bo  adapted 
to  the  style  of  ploughing  that  is  required.  In  England  the  prevailing 
style  differs  from  that  of  most  other  countries.  The  usual  practice 
on  the  continent  is  to  break  up  the  furrow  slice  as  much  as  possible, 
at  the  same  time  turning  in  the  old  surface  and  the  weeds  as  far  as  is 
consistent  with  this ;  the  result  being  that  the  work  done  is  similar 
in  character  to  that  which  would  result  from  digging  by  hand.  In 
England,  on  the  other  hand,  the  practice  is  to  cover  completely  the 
weeds  and  the  old  surface,  and  to  expose  a  fresh  surface,  but  at  the 
same  time  to  leave  the  furrow  slice  in  an  unbroken  condition.  It 
may  be  doubted  whether  the  English  style  is  the  best ;  but  the 
discussion  of  this  question  belongs  rather  to  the  farmer  than  to 
the  engineer,  who  must  supply  the  farmer  with  an  implement  which 
^vill  meet  his  view  of  the  case. 

The  question  as  to  whether  the  solid  English  furrow  slice  should 
be  rectangular  or  trapezoidal  has  been  elaborately  discussed ;  and 
though  the  trapezoidal  form  is  still  adopted  in  many  localities,  the 
w-eight  of  opinion  is  greatly  in  favour  of  the  rectangular  section. 
In  ploughing  at  a  given  depth,  the  draught  for  a  high-crested  furrow 
is  said  to  be  greater,  while  the  weight  of  earth  turned  is  less, 
with  the  trapezoidal  than  with  the  rectangular  section,  and  the 
practical  result  upon  the  crops  has  been  found  by  careful  trials  to  be 
inferior.  The  Royal  Agricultural  Society  has  laid  down  as  its 
standard  of  excellence  "  That  the  plough  should  cut  the  sole  of  the 
furrow  perfectly  flat,  leave  the  land  side  clear  and  true,  and  lay  the 
furrow  slices  with  uniformity,  with  perpendicular  cut  of  the  land 
side." 

In  considering  the  rectangular  form  of  furrow  slice,  the  question 
arises  as  to  the  angle  at  which  the  slice  should  be  laid  (which  angle 
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determines  the  proportions  of  breadth  to  width  in  the  slice)  in  order 
that  the  result  may  be  most  beneficial.  Where  seed  is  to  be  sown 
broadcast,  it  is  important  that  the  sides  of  the  furrow  should  be 
equally  inclined,  so  that  the  seed  may  roll  to  the  bottom  of  the 
furrow ;  but  for  most  purposes  the  equal  inclination  of  the  sides  of 
the  furrow  is  a  matter  of  little  importance. 

As  all  the  slices  must  be  laid  in  parallel  positions,  it  will  be  seen 
from  Fig.  1,  Plate  79,  that,  when  the  thickness  or  depth  A  B  and  the 
inclination  D  A  E  of  the  sod  are  given,  the  width  is  at  once 
determined,  and  is  equal  to  A  K  or  B  F,  where  B  F  is  a  horizontal 
line  di'awn  through  B  to  meet  AD.  If  D  G  be  the  vertical  distance 
of  D  from  the  line  A  E,  then,  since  B  F  A  and  DAG  are  similar 
triangles,  and  the  width  B  F  =  D  A,  therefore  the  depth  B  A  =  D  G. 
Hence  we  may  note  that,  T\^hatever  the  width  or  inclination  of  tlie 
slice  may  be,  the  bottoms  of  the  troughs  between  the  ridges  are 
always  on  a  level  with  the  original  surface  of  the  ground;  and 
therefore,  if  seed  be  sown  broadcast,  the  level  to  which  the  seed  falls 
on  the  ploughed  land  coincides  with  the  original  surface. 

Suppose  that  the  ground  is  required  to  be  ploughed  to  a  given 
depth  a,  and  let  i  be  the  inclination  of  the  sod  to  the  bottom  of  the 
fmTOw;  then 

Widthof  slice  AD  =    /^ 

sill    I 


Exposed  surface  of   slice  per  unit  of 
area  of  field  .... 


=  sin  i  -f-  cos  ^ 


Height  through  which  centre  of  gravity   j  ^ 


of  slice  is  raised 


=  ^  a  cos  I 


If  we  proceed  on  the  suj^position  that  the  best  form  of  furrow  slice 
is  that  which  exposes  the  greatest  amount  of  surface,  we  have  this 
exposed  surface  a  maximum  when  sin  /  =  cos  i,  that  is,  when  i  =  45". 
This  is  the  angle  which  is  generally  regarded  as  the  most 
advantageous. 

It  may  however  be  argued  with  justice  that  the  best  form  of 
slice  is  that  which  exjDoses  the  land  most  to  the  combined 
disintegrating  efi'ects  of  the  air  and  moisture  i  and  that  this  result  will 
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be  attaiiicd  ^vllcn  the  ^^Lolc  mass  of  land  turned  (not  iiiercly  the  part 
contained  in  the  ridges)  is  most  raised  above  its  original  position. 
For  since  the  whole  land  nuist  settle  down  to  its  fuinu  r  level  nndcr 
the  action  of  the  harrow  and  the  weather,  and  since  tin's  settlement 
involves  the  breaking  and  crushing  of  the  slice,  attended  with  the 
admission  of  air  into  the  crevices,  it  follows  that  tlie  amount  of 
this  settling  action  should  bo  the  greatest  that  can  be  produced. 
This  result  will  be  attained  when  the  centre  of  gravity  of  the  earth 
turned  over  is  as  high  as  possible. 

The  height  through  which  the  centre  of  gravity  of  the  whole  soil 
moved  is  raised  by  the  plough  being  J  a  cos  i,  we  see  that  the 
elevation  of  the  centre  of  gravity  due  to  ploughing  increases  as  the 
angle  at  which  the  slice  is  [laid  diminishes,  and  therefore  as  the 
projiortional  width  of  the  slice  increases.  From  this  point  of  view 
therefore  it  will  be  advantageous  to  increase  the  width  of  the  furrow 
slice,  though  of  course  there  is  a  practical  limit  beyond  which  this 
cannot  be  done.  For  very  many  ["purposes  however  the  width  of 
the  slice  might  be  twice  its  depth,  in  which  case  the  angle  of 
inclination  of  the  slice  is  30°  instead  of  45°.  The  following  Table 
gives  the  comparative  results  for  the  angles  of  45°  and  30° : — ■ 


An^rle  of  inclination  . 


Depth  of  slice    .          .         .         .          .  G    in. 

Width  of  slice 8^    „ 

Surface  exposed  per  sq.  foot  of  field     .  203  sq.  in. 
Height  through  which  the   centre  of 

gravity  is  raised     .          .          .          .  2-12  in. 


30^ 


G  in. 
19G  sq.  in. 
2-GO  in. 


Hence  it  appears  that  by  laying  the  slice  at  an  angle  of  30°,  instead 
of  at  an  angle  of  45°,  we  have  only  3  J  per  cent,  less  of  new  surface 
exposed,  whilst  the  whole  mass  of  soil  turned  is  raised  22 J  per  cent, 
higher.  This  result  is  of  course  independent  of  the  depth  of  the 
ploughing,  so  loDg  as  the  proportions  of  the  furrow  slice  are  preserved. 
Hence  it  would  seem  that  v,hilst  one  desideratum  of  ploughing — 
the  exposure  of  new  surface — is  still  attained  to  almost  the  same 
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extent,    we    attain     anotlier    desideratum — the    pulverisation    and 
disintegration  of  the  earth — to  a  much  greater  extent. 

A  considerable  saving  in  time  and  labour  would  result  from  the 
adoption  of  these  proportions  of  furrow  slice — namely  the  width 
twice  the  depth — wherever  it  may  be  practicable.  In  ploughing  at 
a  depth  of  6  inches  on  a  heavy  soil  we  may  take  the  elements  of  the 
draught  to  be  roughly  divided  as  follows  : — 30  per  cent,  due  to  the 
friction  resulting  from  the  weight  of  the  implement,  50  per  cent,  due 
to  the  cutting  of  the  slice,  and  the  remaining  20  per  cent,  due  to 
the  turning  of  it.  The  widths  of  furrow  slice  under  consideration — 
namely  8^  and  12  in. — are  in  the  proportion  of  70  to  100.  Hence, 
supposing  the  implement  to  travel  at  the  same  speed  in  both  cases, 
30  per  cent,  of  time  will  be  saved,  9  per  cent,  of  draught  by  the 
diminished  loss  of  energy  due  to  friction,  and  G  per  cent,  of  draught 
by  the  saving  in  the  vertical  cut.  That  is  to  say,  there  is  a  saving 
of  30  per  cent,  in  time,  and  15  per  cent,  in  labour. 

Assuming  that  the  furrow  slice  is  to  be  turned  over  in  as  solid 
and  unbroken  a  state  as  possible,  we  have  to  give  to  the  breast 
the  form  which  shall  do  this  in  the  best  manner  and  with  the  least 
draught.  To  leave  the  furrow  in  an  unbroken  state,  the  action  of 
the  breast  upon  it  must  be  as  gradual  and  uniform  as  possible, 
and  the  length  of  the  breast  must  therefore  be  considerable.  For 
"  match-ploughing "  a  breast  from  4  to  5  feet  in  length  is  used ; 
for  ordinary  work  from  3  to  4  feet  is  the  usual  length.  "Where  it 
is  desired,  as  in  Norfolk  ploughing,  to  leave  the  ground  in  a  more 
broken  state,  a  breast  of  about  2  ft.  6  in.  in  length,  and  of  a  cross 
section  concave  to  the  slice,  is  used.  In  ploughing  wet  clay  lands  the 
soil  adheres  to  a  long  breast,  and  forms  a  thin  layer  over  it,  which 
seriously  increases  the  draught.  A  short  breast  must  therefore  be 
used,  the  effect  of  which  is  that  the  action  of  the  breast  being 
concentrated,  as  it  were,  over  a  less  extent  of  surface,  the  pressure 
between  the  slice  and  the  breast  is  sufficient  to  keep  the  surface  clean. 

The  practice  of  makers  as  to  the  twist  of  the  breast  varies 
considerably ;  some  give  a  uniform  twist,  others  a  twist  gradually 
increasing  from  the  share  to  a  point  nearly  midway  in  the  length 
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of  the  breast  ami  then  tliiniuisliing,  and  others  a  twist  gradually 
increasing  or  diminishing  throughout  the  whole  Icngtli.  Perhaps 
each  of  those  forms  has  its  advantages  on  different  soils  ;  but  tlio 
tlieoretical  or  fundamental  form,  from  which  every  practical  form 
must  vary  but  little,  is  a  surface  which  will  turn  the  slice  over  as 
uniformly  as  2>ossible,  without  giving  to  it  any  more  twist  tlian  is 
given  by  the  share  in  the  operation  of  cutting.  We  in-oceed  to 
consider  the  nature  of  this  surface. 

Let  A  B  C  D,  Fig.  2,  Plate  79,  represent  the  first  position  of  any 
section  of  a  furrow  slice,  G  being  the  centre  of  gravity  of  the  section. 
During  the  first  period  the  section  is  turning  about  the  corner  A, 
and  the  centre  of  gravity  rises  until  the  line  A  G  becomes  vertical. 
During  the  second  period  the  slice  still  turns  about  A  until  it  stands 
on  its  side  A  D^  in  a  vertical  position,  and  the  centre  of  gravity  is 
meantime  falling.  During  the  third  period  the  slice  turns  round  the 
point  Dj,  and  the  centre  of  gravity  again  rises  until  the  line  D^  G^ 
becomes  vertical.  Lastly,  during  the  fourth  period  the  centre  of 
gravity  is  falling,  and  the  section  turns  about  D^  until  it  assumes 
its  final  jwsition,  and  rests  upon  the  slice  previously  laid.  It  will 
be  seen  that  the  res23ective  angles  through  whicb  the  slice  is  turned 
during  each  of  these  periods  depend  upon  the  proportions  of  the  furrow 
slice :  the  first  two  periods  however  always  represent  together  90'^  of 
turning,  and  the  last  two  the  remainder  of  the  turn.  The  breast  may 
be  divided  longitudinally  into  four  portions  corresponding  with  these 
four  periods,  the  length  of  each  part,  in  the  fundamental  form,  being 
proportioned  to  the  angle  of  turn  during  the  period. 

The  true  form  of  the  breast  for  the  maximum  of  efficiency  and 
minimum  of  draught  involves  a  problem  which  is  almost  incapable 
of  any  but  a  very  approximate,  and  practically  useless,  mathematical 
determination.  The  problem  is  complicated  by  the  fact,  often 
overlooked,  that  the  form  of  the  twisted  part  of  the  furrow  slice 
is  not  that  of  a  riband,  twisted  about  one  edge  which,  remains 
straight.  It  will  be  seen  that  the  form  of  the  slice  between  the 
horizontal  section  AB  CD,  Fig.  2,  Plate  79,  and  the  vertical  section 
A  B^  Ci  D^,  is  the  twisted  riband  form.  The  continuation  of  this 
form   however   to    the    section    where   the    slice   assumes    its    final 
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iuclination  would  bring  tlio  section  into  the  position  A  B3  C3  D3, 
whereas  the  true  position  is  A^J^.^C.Di,  Hence  the  form  of  the 
slice,  from  the  point  where  its  section  is  vertical,  is  obtained 
by  a  twist  about  A,  combined  with  a  rectilinear  displacement  01 
every  intermediate  section,  sufficient  to  bring  its  lower  edge  D3  into 
the  line  through  D^  at  right  angles  to  the  plane  of  the  section.  If 
the  slice  could  be  treated  as  an  elastic  body,  a  practical  approximation 
to  the  form  of  surface  required  would  be  obtained  by  laying  a  slice  of 
some  elastic  material  on  a  horizontal  plane  and  twisting  it  into  the 
required  position,  and  then  finding  the  projections  of  the  surface  so 
obtained  and  its  generating  lines :  and  perhaps  the  form  thus  found 
might  be  practically  useful.  The  furrow  slice  is  not  however  an 
elastic  body,  and  therefore  the  only  reliable  final  criterion  of  the 
exact  form  for  the  surface  of  the  breast  must  be  arrived  at  by 
numerous  experiments  with  trial  forms  in  the  field. 

It  is  found  that  the  best  practical  form  of  breast  differs  but 
little  from  the  fundamental  form,  namely  a  surface  generated  by 
straight  lines  and  giving  the  slice  a  uniform  rotation  proportional 
to  the  distance  traversed  along  the  length  of  the  breast.  Taking 
the  width  of  the  breast  as  everywhere  the  same,  and  equal  to  the  width 
of  the  furrow  slice,  the  surface  of  our  fundamental  form  of  breast 
will  be  generated  by  a  straight  line  of  length  equal  to  the  width  of 
the  furrow  slice,  moving  uniformly  at  right  angles  to  two  parallel 
horizontal  axes  at  a  distance  apart  equal  to  the  dc2)th  of  the  furrow 
slice,  and  at  the  same  time  turning  uniformly  about  one  or  other 
of  these  axes.  For  the  first  two  divisions  in  the  length  of  the  breast 
the  extremity  of  the  generating  line  passes  through  the  first  axis  ; 
for  the  last  two  divisions  of  the  breast  the  generating  line  moves  at  a 
constant  distance  from  the  second  axis  equal  to  the  depth  of  the 
furrow  slice.  The  projections  of  this  fundamental  form  of  breast  on 
three  planes  at  right  angles  may  be  easily  obtained.  The  angle  through 
which  the  slice  is  turned  being  divided  into  a  convenient  number 
of  equal  small  angles,  Fig.  3,  Plate  79,  the  length  AF  which 
is  fixed  on  for  the  breast  must  be  divided  in  a  series  of  points 
into  the  same  number  of  equal  parts,  and  perpendiculars  must  be 
drawn    from   these    points    to    meet   lines    parallel    to    A  F   from 
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the  extremity  of  the  generating  line  at  each  angle.  A  Ecrics  cf 
points  on  the  outlines  of  the  projections  is  thus  found,  and  the 
curves  drawn  through  these  points  will  give  the  outlines.  Wo  see 
that  the  surface  of  the  breast  for  the  first  two  divisions,  i.e.  up  to 
tlie  point  B^  where  the  generating  line  is  vertical,  is  a  true  helical 
or  screw  surface ;  whilst  the  surface  for  the  last  two  divisions  from 
Bj  to  Bo  is  a  helicoidal  surface  of  a  distinct  and  separate  character. 
These  two  surfaces  are  however  quite  continuous  (using  the  word 
in  its  non-mathematical  sense),  since  they  meet  in  the  same  vertical 
generating  line,  though  the  upper  edge  of  the  breast  at  Bj  is 
not  a  continuous  curve. 

Let  us  now  consider  the  variations  which  this  fimdamcntal  form 
must  undergo  for  practical  purposes. 

(I.)  In  the  form  adopted  by  the  principal  makers,  the  twist  of  the 
breast  gradually  diminishes  from  a  line  near  the  vertical  generating 
line  A  B^ ;  hence,  in  setting  out  our  projections,  the  spaces  into 
which  the  lengths  AF  are  divided,  corresponding  to  the  equal  angles 
into  which  the  twist  is  divided,  must  gradually  increase  towards  the 
extremity  F  of  the  line. 

(II.)  In  order  that  there  may  be  no  tendency  in  the  breast  to  push 
the  slice  laterally  aside  in  the  operation  of  turning,  the  bearing  of 
the  breast  on  the  slice  must  not  be  uniform  over  the  whole  surface. 
If  it  were  so,  the  resultant  pressure  on  any  section  A  B  C  D,  Fig.  4, 
would  act  at  the  point  K  through  the  centre  of  gravity  of  the 
section,  and  would  tend  to  lift  the  section  bodily :  thus  relieving  the 
pressure  at  the  point  A,  and  tending  to  push  the  slice  aside,  and  at 
the  same  time  to  break  and  distort  it.  The  resultant  pressure  of  the 
breast  must  therefore  pass  through  some  point  L  sufficiently  beyond  K 
to  prevent  these  results ;  and  a  distance  B  L  equal  to  about  a  fifth  of 
A  B  is  found  to  be  the  best.  Our  fundamental  form  must  therefore  be 
further  modified  by  taking,  throughout  the  first  two  divisions  of  the 
length,  a  curved  generating  line  convex  to  the  slice,  and  having  its 
greatest  convexity  at  about  one-fifth  the  width  of  the  slice  from  its 
upper  edge.  The  convexity  of  the  generating  line  may  gradually 
become  less  during  the  third  division  of  the  breast,  and  disappear 
during  the  fourth  division. 
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(III.)  It  is  essential  to  good  ploughing  that  tlic  slice  sliouLl  be 
pressed  liomc  to  its  place  upon  tlie  one  previously  laid ;  especially 
^vhere  the  seed  is  to  be  sown  broadcast,  and  would  fall  through  any 
spaces  left  between  the  slices  into  the  hollow  beneath.  This  end 
may  be  attained  either  by  giving  the  last  division  of  the  breast  a 
slight  set  towards  the  slice,  so  as  to  bring  some  additional  pressure  to 
"bear  on  it;  or  by  prolonging  the  surface  of  the  breast  for  an  inch  or 
two  at  its  tail  end,  with  the  same  twist  as  the  preceding  surface, 
so  that  the  breast  shall  terminate  in  a  generating  line  making  an 
angle  with  the  ground  slightly  more  acute  than  the  angle  at  which 
the  slice  is  to  bo  laid.  The  result  in  either  case  will  be  to  bring 
sidditional  pressure  to  bear  on  the  slice,  and  so  to  press  it  home. 

(IV.)  The  projections  of  the  fundamental  form  are  those  of  a  breast 
which  is  equal  in  width  in  every  part  to  the  furrow  slice.  There  is 
liowever  no  need  that  this  should  be  so ;  indeed,  for  soil  that  will  hold 
together,  the  breast  may  take  the  form  of  a  narrow  strip  at  a  distance 
of  about  one-fifth  the  width  of  the  slice  from  the  upper  edge  of  the 
fundamental  form,  the  rest  of  the  breast  ^being  entirely  cut  away. 
Many  soils  would  fall  to  pieces  if  turned  by  such  a  breast ;  but 
the  width  may  in  all  cases  be  diminished  to  some  extent.  Hence 
the  outline  of  the  fundamental  form  may  be  cut  and  trimmed,  to 
give  it  a  graceful  and  continuous  contour,  as  well  as  to  diminish  the 
Aveight  of  the  breast. 

(V.)  In  the  fundamental  form  the  front  line  h  A  oi  the  breast, 
'Fig.  3,  would  be  the  cutting  edge,  and  the  slice  after  passing  this 
line  would  receive  the  whole  of  its  twist.  In  practice  this  cutting 
edge,  together  with  the  front  part  of  the  breast,  has  to  be  replaced 
by  the  share,  of  which  the  front  or  cutting  [edge  h  H  must  lie  in 
the  horizontal  plane  through  A  F,  and  is  therefore  out  of  the  surface 
of  the  breast.  Hence  the  form  of  the  surface  towards  the  front 
must  be  slightly  changed,  so  that  it  may  sweep  into  the  line  h  H. 

These  are  the  chief  modifications  which  must  be  made  in  the 
fundamental  form  of  the  breast  in  order  to  render  it  best  adapted  for 
work.  From  the  foregoing  considerations  it  will  be  seen  that  any 
2)artlcular   form   of   breast   can   be   pcifcctly   adapted   only  to    one 
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^Kirticular  size  of  furrow  hHcg.  'I'lic  first  two  divisions  of  the 
surface,  that  is  tlio  front  part  of  tlio  breast  uj)  to  tlie  vertical 
generating  line  A  B,  may  indeed  be  tlie  same  for  a  considerable 
range  of  variation  in  the  widtli  and  dei)th  oi  tlie  slice ;  the  last  two 
divisions  however  depend  on  the  particular  dimensions  required. 
Hence  the  suggestion  i)rcscnts  itself  that  for  ploughs  for  general 
purposes,  intended  to  work  at  any  depth  from  4  to  9  or  10  inches, 
the  breast  might  be  made  in  two  parts  meeting  on  the  vertical 
generating  line,  so  that  the  tail  jiart  might  be  varied  to  suii 
diiferent  depths  and  widths,  or  different  styles  of  work.  In  defauU 
of  this,  the  question  arises  as  to  what  is  the  best  form  for  a  breast 
which  is  intended  to  be  used  at  different  depths.  It  has  been 
thought  that  the  form  adopted  should  be  that  which  gives  the 
lightest  draught  in  deep  plougliing ;  but  since  the  draught  due  to 
turning  is  the  smallest  element  in  the  total  draught,  this  is  scarcely 
the  consideration  of  greatest  importance.  It  is  of  more  importance 
that  the  work  should  be  effectively  done,  and  especially  that  the  slice 
should  be  pressed  home  to  its  place.  It  will  be  seen  from  Fig.  5, 
Plate  79,  where  A  B  C  D,  A  E  F  G  represent  similar  slices  of 
different  dej^ths,  in  the  vertical  position,  and  ahcD,  efgT) 
represent  the  final  positions  of  those  slices,  that,  since  the  distance 
D  K  between  D  c  and  G  g  is  less  than  the  difference  D  G  between 
the  depths  of  the  slices,  the  final  jDosition  e  /  of  the  surface  of  the 
shallower  slice  is  lower  than  the  final  position  a  h  of  the  deeper 
slice.  Hence  if  the  shallower  slice  were  ploughed  with  a  breast 
adapted  to  the  deeper  work,  there  would  be  no  pressure  on  the  slice 
from  the  tail  of  the  breast,  and  consequently  it  would  not  be  pressed 
home.  It  would  therefore  seem  better  to  adapt  the  i)lough  say  to 
a  depth  of  5  or  6  inches,  which  would  give  an  extra  pressure  home- 
when  ploughing  at  a  greater  depth.  The  extra  pressure  is  given 
in  practice  by  means  of  a  set-screw  at  the  tail  of  the  breast ;  but  in 
varying  the  adjustment  of  the  tail  by  this  means  the  whole  surface 
is  necessarily  shifted  from  its  true  position. 

Hitherto  we  have  considered  the  form  of  the  breast  with  reference 
solely  to  the  work  to  be  j^erformed  by  it,  and  without  reference  to  the 
di-aught  of  the  plough.     As  before  stated,  the  draught  due  to  the 
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breast  is  generally  but  a  small  part  of  the  total  drauglit,  and  hence 
this  point  is  of  less  importance,  especially  as  the  nature  of  the  work 
done  is  always  the  paramount  consideration.  It  is  generally  found 
however  that  the  breast  which  does  the  most  satisfactory  work  takes 
the  least  drauglit.  Experiment  has  shown  that  an  increase  in  the 
length  of  the  breast  decreases  the  draught  to  a  small  extent,  as 
might  have  been  anticipated ;  whilst  the  convexity  of  the  breast 
towards  the  slice  causes  a  further  decrease.  The  frictional  work 
done  is  proportional  to  the  product  of  the  friction  and  the  space 
traversed.  The  length  of  the  line  of  maximum  pressure,  traced  on 
our  fundamental  form  at  a  constant  distance  from  the  edge,  increases 
as  the  line  is  taken  further  from  the  axis  A  F,  Fig.  3  ;  but  the  pressure 
and  the  consequent  friction  diminish  in  a  much  greater  ratio,  owing  to 
the  increase  of  leverage.  Hence  it  is  an  advantage  in  point  of 
draught  to  have  this  line  of  maximum  pressure  (i.e.  line  of  greatest 
convexity)  as  near  the  outer  edge  of  the  breast  as  is  practicable. 
If  however  it  be  taken  too  near,  the  slice  would  be  broken  ;  and 
hence  the  distance  of  one-fifth  from  the  edge  is  about  the  best  as 
regards  draught.  Again,  the  less  the  torsion  to  which  the  slice  is 
subjected,  the  less  the  draught ;  but  this  exercises  only  a  minute 
influence  on  the  result.  Hence  the  general  conclusion  is  that  the 
form  of  the  breast  is  to  be  determined  with  reference  to  the  quality 
of  the  work,  rather  than  to  the  power  required  to  do  it.  Our  efforts 
to  diminish  the  draught  must  be  chiefly  directed  to  the  other  parts 
of  the  implement. 

The  best  material  for  the  breast  is  steel.  Cast  iron  is  perhaps 
more  often  used,  for  the  sake  of  economy,  and  works  well  on  a  dry 
soil ;  but  steel,  being  more  durable  and  capable  of  taking  a  much 
liner  polish,  is  to  be  preferred,  especially  for  adhesive  soils. 

The  essential  parts  of  the  plough  which  we  have  still  to 
mention  are  the  frame,  the  sole-plate,  and  the  side-j^latc.  The  frame 
is  usually  of  cast  iron,  of  a  form  adapted  to  the  attachment  of  the 
different  members  of  the  body  ;  and,  in  common  with  all  otlicr  parts 
of  the  plough,  should  be  as  light  as  is  consistent  with  strength.  The 
sole-plate  P,  Fig.  G,  Plate  80,  is  made  of  hard  cast  iron ;  its  bottom 
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surface  is  iisiuilly  quite  i)ljinc,  tliougli  soiuctiiucs  iiuulc  nliglitly  concave 
to  assist  the  2)itcli  of  tlic  share.  Tlie  sidc-i)late  L  is  generally  of  cast 
iron,  but  is  i)refcrably  made  of  steel.  Both  tliese  plates  must  be 
highly  2)olishe(l,  as  the  weiglit  of  tlie  plough  and  the  reactions 
of  the  pressure  on  the  breast  are  taken  by  them  ;  hence  the  friction 
upon  them  is  very  considerable,  and  the  element  of  draught  due 
to  this  cause  is  large. 

Nothing  has  been  said  hitherto  of  wheels  as  adjuncts  to  tlie 
plough.  Some  of  the  most  ancient  types  of  plough  of  whicli 
there  is  any  record  were  furnished  with  wheels ;  and  their  advantage, 
though  it  was  for  some  time  hotly  discussed,  has  now  become 
generally  recognised.  Mr.  Sullivan,  in  a  j)apcr  in  the  Farmer's 
Magazine  for  1845,  tells  us  that  "  It  is  only  where  agriculture  is  in 
a  backward  condition  that  those  remnants  of  antiquity,  wheel 
ploughs,  are  now  used  ; "  but,  despite  the  prejudices  of  our  northern 
neighbours  in  favour  of  the  swing  plough,  the  wheel  plough  has 
steadily  made  its  way,  even  in  Scotland.  Either  one  or  two  wheels 
are  commonly  used :  if  only  one,  it  runs  on  the  undisturbed  land ; 
if  two,  then  one  runs  on  the  land  and  the  other  in  the  furrow. 

The  only  proper  ofiicc  of  wheels  is  to  steady  the  motion  of  the 
plough,  by  lessening  the  effect  of  the  irregularities  due  to  stones 
and  to  the  varying  nature  of  the  soil,  and  by  counteracting  the 
tendency  of  the  plough  to  pitch  in  to  a  greater  depth,  or  to  take 
more  land,  in  any  tougher  soil  which  may  be  met  with.  Another 
office  of  the  wheels  is  often  superadded  by  the  ploughman,  namely 
the  regulation  of  the  depth  of  the  furrow.  It  is  true  that  the  wheels 
must  bo  adjustable  to  the  required  depth  ;  but  the  depth  of  the 
furrow  should  determine  the  depth  of  the  wheels,  not  vice  versa. 
The  implement  should  be  so  set,  by  adjusting  the  head  and  the 
pitch  of  the  share,  as  to  work  as  a  swing  plough ;  and  this  being 
done,  the  w^heels  should  be  lowered  so  as  to  bear  slightly  on  the 
ground  and  simply  steady  the  implement,  otherwise  the  draught 
will  be  materially  increased  by  their  use.  Whether  this  adjustment 
has  been  properly  made  can  be  easily  tested  in  working,  by  taking 
hold  of  a  w^heel  with  the  hand,  when  a  slight  pull  should  suffice  to 
jjrevent  it  from  turning. 
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All  the  essential  parts  of  an  ordinary  plough  liavc  now  been 
■considered.  It  remains  in  the  next  place  to  eiK^uire  what  are  the 
forces  which  act  on  the  plough  when  at  work  ;  to  attempt  to  analyse 
the  complex  elements  of  the  draught,  and  to  consider  some  of  the 
means  by  which  these  elements  may  be  severally  lessened.  We  have 
then  to  consider  the  advantages  arising  from  the  use  of  multiple- 
furrow  ploughs ;  and  finally  to  notice  shortly  some  other  kinds  of 
ploughs,  and  the  remaining  implements  which  were  enumerated  at 
the  beginning  as  suitable  for  cultivating  laud  by  horse-power. 
This  part  of  the  subject  must  however  be  reserved  for  another 
occasion. 


Discussion. 

Mr.  BousFiELD  asked  permission  to  call  attention  to  several 
specimens  of  ploughs,  kindly  sent  by  three  different  makers.  Some 
of  the  observations  made  in  the  paper  might  seem  to  describe  parts 
of  the  plough  which  were  too  well  known  to  need  description ;  but 
they  would  really  be  seen  to  be  necessary,  in  order  to  connect  the 
Tarious  divisions  of  the  subject.  On  the  other  hand,  many 
considerable  variations  in  the  mode  of  making  ploughs  had  not  been 
noticed,  because  he  had  not  looked  at  the  subject  so  much  from  the 
point  of  view  of  construction,  and  had  only  considered  those  variations 
in  form  which  made  some  practical  difference  in  the  doing  of  the 
work.  Those  variations  were  illustrated  by  the  different  forms  of 
2)lough  body  now  exhibited.     The  first  (Plate  80,  Figs.  G  and  7)  was 
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a  new  form  recently  brought  out  by  Messrs.  Howard,  of  Bedford,  and 
called  the  Simplex  Plougli.  The  beam  of  this  j^lougli  was  T  Bhapcd 
in  section,  to  secure  lateral  strength  ;  and  was  curved  downwards 
towards  the  share,  to  receive  a  pair  of  cheeks,  which  embraced  it,, 
leaving  a  space  between  the  cheeks  for  receiving  a  lever  neck,  on 
tlie  outer  end  of  which  the  share  was  fitted.  The  next  (Fig.  8) 
was  a  body  sent  by  Messrs.  Kansomes  Sims  and  Head,  of  Ipswich. 
There  was  a  cast  or  wrought  iron  body  introduced  into  the  middle 
of  the  beam,  which  was  forked  for  the  purj^ose,  and  thus  formed  a 
truss,  which  gave  considerable  rigidity  to  the  working  parts  of  the 
i^lough,  especially  to  tlie  coulter,  and  enabled  the  beam  to  bear  great 
torsional  strain.  The  third  (Figs.  9  and  10)  was  from  Messrs.  Hornsby, 
of  Grantham ;  the  frame  was  here  in  one  piece  with  the  beam,  both 
being  forged  together.  The  fourth,  also  from  Messrs.  Hornsby,  was 
adapted  for  match-jiloughing ;  and  not,  like  the  third,  for  Lancashire 
work.  He  had  received  a  letter  from  Mr.  James  Hornsby,  which,  as 
that  gentleman  could  not  attend  to  take  part  in  the  discussion,  he 
might  be  permitted  to  read  ;  it  was  as  follows  :  — 

"  T  notice  that  on  page  535  you  remark  that  the  lever-neck 
admits  of  a  slight  motion  to  give  pitch  to  the  share.  This  has- 
been  the  usual  custom  in  ploughs,  but  you  will  find  in  our  '  E  B  '^ 
plough  (Fig.  9)  that  we  also  give  a  lateral  movement  to  the  share  ou 
a  principle  of  our  own.  On  page  545  you  say  the  frame  is  usually 
of  cast  iron.  But  from  the  commencement  of  our  making  ploughs 
at  Warwick  we  have  a^Tays  used  the  wrought-iron  frame,  as  shown 
in  the  bodies  of  the  '  S  '  and  '  E  B  '  ploughs,  thus  combining  strength 
with  lightness  without  the  use  of  nuts  or  bolts.  The  '  S '  plough 
is  fitted  with  a  long  breast,  for  prize  work,  which  produces  a  solid 
and  unbroken  furrov/,  and  is  set  at  an  angle  of  45°.  The  '  E  B  ^ 
(Fig.  9)  is  fitted  with  breast,  coulter,  and  share,  of  suitable  form 
for  producing  the  high  cut  or  Lancashire  work,  as  required  in  that 
district." 

Mr.  Daniel  Adamsox  had  been  a  farmer  for  thirty  years,  though 
he  had  farmed  more  for  pleasure  than  for  profit ;  and  he  was 
exceedingly  glad   to    find  that   the  Institution  had   a  paper   on   so 
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important  a  subject  as  tliat  before  tlicm,  a  paper  which  would  help  to 
illustrate  the  economy  of  the  cultivation  of  laud.  The  improvements 
made  in  any  one  implement  might  seem  of  small  importance  ;  but  it 
was  a  matter  of  great  importance  that  the  engineers  of  the  country 
were  devoting  their  attention  to  this  subject.  Up  to  1825,  about  the 
time  of  the  02:)ening  of  the  first  railway  in  the  country,  there  was  not 
a  single  agricultural  implement  workshop  of  any  importance  in  the 
kingdom.  Now  they  existed  by  scores,  and,  as  he  hoped,  were 
teaching  the  farmer  how  to  till  his  land  at  the  least  possible  cost, 
whether  by  the  use  of  animal  power  or  steam  power.  He  hoped  that 
in  future  j^apers  steam  cultivation  would  also  bo  treated,  and  that 
a  full  exposition  would  be  given  of  all  implements  used  in  connection 
with  agriculture.  This  was  not  a  light  matter  when  it  was  remembered 
that  about  thirty-three  million  acres  of  land  were  under  cultivation 
in  the  country  ;  so  that  an  increase  in  its  producing  power  to  the 
extent  of  £3  per  acre  would  represent  no  less  than  one  hundred 
millions  sterling.  That,  he  believed,  was  about  the  difference 
between  the  value  of  a  good  and  a  bad  harvest  in  the  country.  He 
should  have  been  glad  if  the  author  could  have  given  illustrations  of 
the  old  plough  as  used  by  the  Eomans  and  our  earliest  forefathers, 
and  from  thence  down  to  the  j)resent  time ;  so  that  there  might  be  a 
complete  record  of  the  whole  series.* 

He  thought  that  the  agricultural  engineer  was  entitled  to  more 
consideration  than  he  had  at  present  received  at  the  hands  of 
agricultural  societies.  Any  one  who  had  experience  in  that  direction 
would  bear  him  out  when  he  stated  that,  amongst  the  prizes  given  by 
the  Royal  Agricultural  Society,  a  very  small  proportion  was  given 
to  implement  makers.  He  hoped  that  in  future  the  Society  would 
give  larger  prizes  than  they  had  hitherto  done,  for  new  implements 
made  to  economise  the  labour  of  man  and  horse.  Agricultural 
engineers  would  then  take  up  the  matter  more  eagerly,  in  order  to 
secure  the  prizes,  and  the  interests  of  England  would  be  advanced  by 
stimulating  increased  production  with  less  cost. 


*  See  on  this  subject '  Plougbs  and  rioiigliing/  by  J.  E.  Kaiisome  (Constable, 
Edinbm-gb,  18G5). 
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Mr.  CiiAiiLES  Cochrane  desired  to  express  Lis  best  thanks  to  Mr. 
Bousficld  for  liis  paper,  because  for  the  first  time  in  Lis  life  Le  was 
enabled  to  sec  iLe  principles  on  wLich  a  plough  worked.  It  was  a 
great  advantage  tLus  to  bring  before  tlio  Members  of  tlie  Institution 
tLe  very  first  conditions  and  elements  on  wLicL  successful  ploughing 
depended. 

Mr.  Jeremiah  Head  said  Le  felt  somewhat  diffident  in  making 
any  remarks  on  this  subject,  because  it  was  nearly  twenty  years 
since  he  had  had  anything  to  do  with  ploughing.  From  1856  to 
18G2  he  had  been  associated  with  the  late  Mr.  Fowler,  of  Leeds, 
and  had  then  had  a  great  deal  to  do  with  steam  ploughing.  In  fact 
in  those  days  he  had  himself  ploughed  many  hundreds  of  acres  by 
steam  power ;  and  also  did  a  considerable  quantity  of  mole  jiloughing 
for  drainage,  to  wliicli  allusion  had  been  made  in  the  paper.  He 
had  often  watched  the  water  run  out  of  the  drains  so  made,  without 
the  use  of  any  draining  tiles  whatever.  So  far  as  he  knew,  this 
system  seemed  to  answer  very  well,  where  the  nature  of  the  soil 
and  the  level  of  the  surface  were  suitable ;  and  the  farmers  were  well 
satisfied  with  it. 

He  was  somewhat  struck  by  the  fact  that  during  the  past  twenty 
years  there  did  not  seem  to  have  been  any  material  alteration  made 
in  the  forms  of  ploughs.  The  essential  parts  seemed  to  be  the  same ; 
and  so  with  almost  everything,  even  down  to  the  fastenings  and  so 
forth.  Steam  ploughing  however  had  altered  in  character  a  great 
deal.  One  great  improvement  was  the  adoption  of  two  self-moving 
engines,  instead  of  one  engine  and  an  anchor.  In  that  way  each 
heavy  implement  could  move  itself  about  from  place  to  place,  instead 
of  needing  horses  to  draw  it,  which  was  a  very  great  advantage. 
There  was  also  an  improvement  by  the  adoption  of  steel  instead 
of  cast-iron  for  all  the  gearing.  Formerly  the  gearing  was 
continually  breaking  down,  by  the  engine  getting  in  bad  gateways 
or  soft  ground ;  but  that  was  very  much  avoided  by  the  use  of  steel 
gearing. 

One  great  desideratum  supplied  by  steam  ploughing  was  that, 
immediately  after  the  harvest  was  gathered  in,  the  stubbles  could  be 
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turned  over  and  ploughed,  so  as  to  leave  a  maximum  of  time  for 
exposure  to  the  weather  before  the  seed  time  came.  In  furtherance  of 
this  object  it  was  desirable  to  make  the  day's  work  as  long  as  possible 
at  such  times.  Imbued  with  this  idea  he  remembered  devising  a  system 
of  ploughing  by  lamp-light.  A  large  bull's-eye  lantern  was  put  on 
the  plough  and  made  to  shine  exactly  in  the  furrow  in  front  of 
the  furrow-wheel,  so  that  the  man  had  nothing  to  do  but  watch 
one  point  in  the  furrow,  and  he  could  guide  the  plough  accurately. 
After  ploughing  for  some  hours  in  that  way,  he  had  found  on  the 
following  day  that  the  furrows  were  just  as  straight  as  if  they  had 
been  made  in  the  daylight.  Lights  on  the  engines  and  a  hand  light 
on  the  plough  served  as  a  ready  means  of  signalling.  Mr.  Bousfield 
would  be  able  to  inform  them  whether  there  was  now  any  steam 
ploughing  carried  on  by  night.  Considering  the  importance  of 
getting  a  large  amount  of  work  done  in  the  autumn,  immediately^ 
after  the  harvest,  lamp-light  ploughing  seemed  a  matter  that  ought 
not  to  be  allowed  to  drop. 

Mr.  Bousfield  said  he  was  not  aware  of  any  night  ploughing  now 
going  on  ;  but  the  electric  light  had  been  brought  to  such  perfection, 
that  there  ought  to  be  no  dif&culty  in  ploughing  at  night,  if  it  was 
considered  desirable. 

The  President  observed  that  the  electric  light  had  been  used 
for  ploughing  on  several  occasions;  not  only  had  ploughing  been 
done  by  means  of  electricity  in  France,  but  the  electric  light  had 
been  actually  used  to  enable  ploughing  to  go  on  at  night.  With 
reference  to  Mr.  Head's  remarks  on  steam  ploughing,  he  was  himself 
judge  at  the  Koyal  Agricultural  Show  at  Leicester  in  18G8  in 
reference  to  steam  ploughing,  just  before  the  time  of  two  engines 
being  employed.  At  that  time  there  was  an  engine  on  one  side  of 
the  field  and  an  anchor  on  the  other ;  and  a  portion  of  the  power 
of  the  engine  that  was  now  lost  was  then  utilised,  so  that  it  was 
worth  considering,  in  reference  to  the  arrangement  of  steam  ploughs, 
how  far  that  loss  could  be  made  up  now.  A  plough  that  would  take 
25  cwt.  to  pull  must  have  a  pull  of  5  cwt.  on  the  tail,  to  keep  it 
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straight  and  steady.  Tliiit  tail  l)iill,  if  iiicrely  made  to  act  as  a  drag, 
was  altogctlicr  lost ;  but  if  the  tail  pulling  ro2)c  passed  round  a 
pulley  on  an  anchor,  and  so  back  again  to  the  winding  drum  on 
the  engine,  it  made  a  jiull  on  the  opposite  side  of  the  drum,  and 
therefore  a  great  part  of  the  loss  was  prevented.  But  when 
there  were  two  engines,  one  on  each  side  of  the  field,  one  engine 
let  out  the  rope  by  means  of  a  brake,  while  the  other  was  pulling, 
and  therefore  the  back  pull  on  the  tail  rope  was  entirely  lost. 
But  the  advantage  of  having  only  a  single  wire-rope  across  the  field 
was,  he  believed,  paramount  to  almost  every  other  consideration. 
The  cost  of  wire  ropes  per  acre  for  steam  ploughing  was  a  very 
considerable  item.  It  used  to  be  2s.  an  acre,  but  now  he  believed  it 
was  reduced  to  10c?.  or  Oc?.  One  reason  for  that  was  that  the  ropes 
were  now  all  made  of  Jiard-draicn  steel  wire,  i.e.  hardened  to  a  deep 
blue  temper,  and  then  drawn  to  the  proper  size.  It  was  much 
stronger  and  better  and  harder  than  if  it  had  been  annealed  and  then 
drawn ;  fur  in  the  latter  process  of  drawing,  the  outside  skin  of  the 
wire. was  made  very  hard  by  bench-hardening,  while  the  inside  was 
soft,  and  if  that  v/ire  was  torn  asunder  it  gave  way  unequally,  the 
outside  separating  long  before  the  inside.  If,  on  the  contrary,  the 
steel  was  hardened  to  the  same  degree  as  that  produced  by  the  bench- 
hardening  upon  soft  wire,  the  whole  wire  was  equally  strong  in  every 
part,  and  it  might  be  drawn  down  to  any  size  without  softening 
ugain.  That  was  the  original  principle  of  the  Austrian  "Music 
Wire,"  which  used  to  sell  for  3s.  6d.  a  pound,  when  the  process  was  a 
secret ;  but  now  all  the  best  pit  ropes,  and  all  the  wire  ropes  for 
steam  ploughing,  were  made  of  hard-drawn  steel  wire,  which  was  of 
course  lighter  and  stronger,  as  well  as  harder,  so  that  it  resisted  the 
grinding  action  of  the  earth  better,  and  pressed  upon  it  with  less 
weight.  Such  ropes  had  contributed  much  to  the  success  of  steam 
ploughing. 

The  question  of  stgam  ploughing  was  altogether  one  of  great 
interest.  Some  trials  had  been  made  at  Leicester  which  w^ere  of  an 
extremely  interesting  character.  The  ground  had  there  been 
ploughed  to  18  in.  deep,  and  being  very  hard  the  pieces  of  earth 
brought  up  were  as  large  as  paving-stones.     Now  when  the  soil  was 
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thus  turned  up  18  in.  below  the  surface,  it  was  practically  turning  up 
a  new  farm  out  of  the  ground,  and  the  gain  achieved  in  that  way  for 
the  farmer  was  enormous,  as  ordinary  ploughing  never  went  down 
half  that  depth. 

He  begged  to  propose  a  vote  of  thanks  to  Mr.  Bousficld  for  his 
very  interesting  paper,  and  hoped  he  would  favour  the  Institution 
with  further  information  on  a  future  occasion,  so  as  to  bring  their 
knowledge  up  to  date. 

The  vote  of  thanks  was  unanimously  agreed  to. 


The  President,  in  adjourning  the  meeting,  said  he  might  mention 
that  the  arrangements  for  the  next  summer  meeting  at  Newcastle-on- 
Tyne  were  in  progress,  that  some  interesting  papers  were  already 
promised  for  the  occasion,  and  that  there  was  every  prospect  of  the 
meeting  being  a  most  successful  one. 

The  Meeting  then  terminated. 
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of  rating  the  value  of  brakes  by  their  failures,  135  ;  break  jDower  should 

be  limited  for  ordinary  stoppages,  reserving  full  power  for  emergencies, 

136. — Tomlinson,  J.,  Satisfactoiy    use  of  Smith  brake  on  Metropolita:* 
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Railway,  13G. — Yeomans,  D.  M.,  Value  of  Smith  brake,  and  importance  of 
half-yearly  returns,  13G. — Westinghouse,  G.,  Way  of   arranging  failures 
in   Tables,    137 ;  experience  with   Westinghouse     brake     on     Brighton 
Railway,  137  ;  automatic  brake  now  superseding  non-automatic  in  United 
States,  138 ;  desirability  of  devising  tell-tale  to  act  witliout  applying  the 
brake,  139. — Fairliolme,  Capt.  C,  Working  of  Hebcrlein  automatic  brake 
on  Maenclocliog  Railway  in  South  Wales,  and  in  Germany,  139. — Riches, 
T.   H.,   No  objection  to  automatic  action   in  itself,    139 ;  dilference  in 
importance  of  failures  with  non-automatic  and  automatic  brakes,  140; 
automatic  brake  not  a  perfect  tell-tale,  140 ;  separation  of  pipe-couplings  in 
iSmith  brake  not  important,  141 ;  method  of  counting  number  of  separate 
parts   in   brakes,   141 ;    relative   merit  of   automatic  and  non-automatic 
brakes   for   working  down  inclines,  142 ;  comparison  need  not   include 
merely  sectional  brakes,  142 ;  comparison  from  number  of  failures  is  not 
incorrect,  143 ;  intention  of  Board  of  Trade  requirements  as  to  automatic 
action,   144;    accidents    from     broken     couplings,    144;    desirability    of 
increased    strength    of    couplings,    145 ;  interpretation    of    failures    on 
iliflterent  railways,  145 ;  serious   nature  of  repairs  needed  for  automatic 
brakes  in  comparison  with  non-automatic,  14G;  relative  merits  of  brakes 
should  be  estimated  upon  mileage  run,  147  ;  creeping  on  of  brakes  is  caused 
by  leakage,  147 ;  refusal  of  brakes  to  release  when  required,  148 ;  successful 
working  on  steep  gradients  with  Smith  brake,  148 ;  small  percentage  of 
acciJents  calling  for  automatic  action,  149 ;  mode  of  analysing  recorded 
failures   in   Tables,   149. — Robinson,  J.,  Present  paper  prepared  by  the 
author  at  request  of  the  Council,  150. — Oowper,  E.  A.,  Returns   fairly 
analysed  by  the  author,  150 ;  failures  should  be  analysed  by  Board  of 
Trade  as  to  character,  150. 

Bright,  T.  S.,  elected  Graduate,  310. 

Bropuy,  M.  M.,  elected  IMember,  9. 

Brown,  F.  R.  F.,  elected  Member,  185. 

Brown's  Tramway  Locomotive,  44.    See  Locomotives. 

BuowxE,  B.  C,  Paper  on  Brown's  tramway  Locomotive,  44. — Remarks  on  ditto, 
57,  59,  7G-81. 

Buckle,  W,  K.  R.,  elected  Graduate,  18G. 

Burgh,  N.  P.,  not  a  member  of  the  Institution,  311. 

Bye-Laws,  Additional,  31-3G. — Transfer  of  Graduates  or  Associates  to  Members, 
31. — Supply  of  preliminary  copies  of  papers,  and  re-opening  of  discussions, 
33. — Head,  Jeremiah,  Moved  motions  for  sake  of  discussion  only,  33. — 
Paget,  A.,  Seconded  motions  for  same  reason,  33. — Robinson,  J.,  Amendment 
to  fust  motion,  33. — Crampton,  T.  R.,  Seconded  ditto,  34. — Adamson,  D., 
Both  motion  and  amendment  undesirable,  34. — Cochrane,  C,  Amendment 
only    confirms    present     practice,     31. — Tweddell,    R.    H.,    Supported 
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Mr.  Adamson,  35. — Ilulrio,  W.  W.,  Preliminary  copies  of  papers  might  bo- 
sent  to  all  members,  35. — Cowper,  E.  A.,  Proposal  renders  legal  wliat 
is  already  done,  35. — Amendment  carried,  35. — Robinson,  J.,  Amendment 
to  second  motion,  35. — Cochrane,  C,  Seconded  ditto,  3G. — Amendment 
carried,  36. 

Camjiell,  C,  decease,  10.— Memoir,  1. 

Campbell,  Daniel,  elected  Member,  310. 

Cast-Steel  Ingots,  Compression  by  steam  pressure,  30G.    See  Steel  compression. 

Structure  of,  152.     See  Steel. 
Chernoff,  D.,  Paper  (1868)  on   the   manufacture  of  Steel,  and  the  mode  of 

working  it,  286.     See  Steel.     Taper  (1878)  on  the  structure  of  Cast-Steel 

ingots,  152.     See  Steel. 
Chernoff's  papers  on  Steel,  remarks  on,  225.     See  Steel. 
Churchward,  G.  D.,  elected  Member,  310, 

Clausius,  R.,  Note  as  to  theoretical  loss  in  expanding  steam  before  admission,  -^2. 
Cochrane,  C,  Remarks  on  Bye-Laws,  34,  3G  : — on  Brown's  tramway  Locomotive, 

75: — on    Furaess    iron    Mines,    372: — on    Jute    machinery,   392:— on 

Cultivation  by  Horses,  550. 
Compression  of  Steel  by  steam  pressure,  306.    See  Steel  compression. 
CoNiSTON  Lake,  visited  at  Barrow  meeting,  487. 
Continuous  Railway  Brakes,  Automatic  action  in,  100.     See  Brakes. 
Cotton  Spinning  Machinery,  Paper  on  recent  improvements  in  the  Machinery 

for  Preparing  and  Spinning  Cotton,  by  E.  Spencer,  492. — Opening  and 

CLEANING    machines,    492. —  CaP.DING    ENGINE,    492. — COMBING   3IACHINE, 

493. — Drawing  Frame,  494. — Knocking-off  motion,  495. — Stop  motions, 
496. — Endless  clearer  cloth  for  top  rollers,  497. — Slubbing,  intermediate, 
AND  roving  frames,  497.  — Bobbin  now  leads  in  winding,  instead  of  flyer, 
498. — Improvements  in  flyers,  498. — Lock  motion,  499. — Superior  quality 
of  work,  501. — Moderate  speed  of  spindles  best,  501. — Double-geared 
machines,  501. — Self-acting  mule,  501. — Mule  for  medium  counts,  502. — 
Governor  motion,  502.— Backing-off  motion,  502.— Motion  for  tightening 
the  backing-off  chain,  503. — Automatic  nosing  motion,  500. — Nose  peg, 
508. — Scroll  on  end  of  winding-on  drum,  508. — Mode  of  working,  510. — 
Engaging  of  click  and  click-wheel  on  tin-roller  shaft,  511. — Middle 
drawing-out  apparatus,  512. — Connection  between  back  shaft  and 
taking-in  scroll  shaft,  513. — Cam  shaft  of  head  stock,  513. — Speeds  of 
shafts  and  spindles,  513. — Increase  in  joroduction  and  strength  of  yam, 
514. — Increase  in  speed,  belt  and  rope  driving,  515. — Jacking  motion,  515. — 
Roller  delivery  motion,  516. — ]Mule  for  finest  counts,  516. — Improved 
quadrant  motion  for  winding,  519. — Faller-lifting  motion,  520. — Unlocking 
of  faller,  521. — Relative  motions  of  tin  roller  and  faller,  523. — Connection 
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hy  friction  cones,  523.— Change  of  speed  by  quick  and  slow  belts,  525.— 
Ring  spinning,  527. 

Cowper,  E.  A.,  Best  and  latest  information  upon  cotton  spinning 
machinery,  528.— Spencer,  E.,  Assistance  in  preparation  of  paper,  528. 

Council  for  18S0,  v.— Election,  24.— Retiring  list,  490.— Nominations  for  1881, 
490. 

Cowper,  C.  E.,  elected  Member,  310.  Remarks  on  permanent  way  for  Tramways, 
220 :— on  Steam-sliip  "  City  of  Rome,"  357. 

Cowper,  E.  A.,  elected  President,  24:.— Inaugural  Address,  28.  See  Address.— 
Remarks  on  Bye-Laws,  31,  35 :— on  Barrow  meeting,  36  : — on  Brown's 
tramway  Locomotive,  75 :— on  Plate  rolling  machinery,  98 :— on  Automatic 
action  in  Brakes,  150:— on  Library,  1S6: — on  Riveted  Joints,  186 :— on 
permanent  way  for  Tramways,  220:— on  Cliernoflf's  papers  on  Steel,  232, 
233,  235,  237,  239.— Reply  to  Mayor's  welcome  at  Barrow,  309.— Remarks 
on  Library,  311 :— on  use  of  initials  «  M.I.M.E.,"  311.— Address  at  Barrow 
meeting,  312.  See  Address.— Remarks  on  Steam-ship  "  City  of  Rome," 
358:— on  Furness  iron  Mines,  .371:— on  Jute  machinery,  392,  393  :— on 
Steel  compression  by  steam,  402,  413:— on  Rerersing  and  expansive 
Valve-gear,  434,  446  :-^n  Standard  Gauge  for  high  pressures,  473  :— on 
Cotton  Spinning  machinery,  528  :— on  Cultivation  by  Horses,  551. 

Crahpton,  T.  R.,  Remarks  on  Bye-Laws,  34 :— on  Brown's  tramway  Locomotive, 
69:— on  Permanent  Way  for  Tramways,  212  : — on  "VVitter-pressure  mining 
Engines,  261,  262 :— on  Steam-ship  "  City  of  Rome,"  354. 

Crompton,  R.  E.  B.,  Remarks  on  Brown's  tramway  Locomotive,  67 :— on  Electric 
lighting,  277 : — on  Steel  compression  by  steam,  414. 

Cultivation  by  Horses,  Paper  on  Implements  and  machinery  for  cultivating 
land  by  horse-power,  by  W.  R.  Bousfield,  529.  —  Requirements  for 
cultivation  of  land,  529.  —  Implements  employed,  530.  —  Drainage 
implements,  530.— Subsoil  plough,  530.— IMole  plough,  531.— Ploughs, 
general  features,  532.— Share,  534.— Coulter,  535.— Breast,  536.— Section 
of  furrow  slice,  rectangular  or  trapezoidal,  536.— Inclination  of  furrow  slice, 
536.— Proportions  of  furrow  slice,  537.— Saving  in  time  and  labour  by  new 
proportions,  539.— Length  and  twist  of  breast,  539.— Fundamental  form  of 
breast,  540.— Variations  for  practical  purposes,  542.— Breast  for  different 
depths,  544.— Breast  best  for  work  requires  least  draught,  545.— Plouf'h- 
frame,  sole-plate,  and  side-plate,  545.— Wheels  for  ploughs,  546. 

Discussion.— Bous^eld,  W.  R.,  Specimensof  pi ougli  bodies  from  Howard, 
Ramsomes  Sims  and  Head,  and  Hornsby,  547.— Adamson,  D.,  Growth  of 
agricultural  implement  works,  549;    means  of   improving    agricultural 

implements,  549.  —  Cochrane,  C,  Principles  of  ploughing,  550. Head, 

Jeremiah,   Mole  ploughing  for  drainage,  550 ;    improvements    in    steam 
ploughing,  550;  ploughing  by  lamp-light,  551.— Bousfield,  W.  R.,  Electric 
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light  for  ploughing  at  night,  .051. — Cowpcr,  E.  A.,  Doughing  uith  electric 
light,  551 ;  advantage  of  hiiigle  ^Yirc-l•ope,  552  ;  cost  and  manufacture 
of  hard-drawn  steel  wire-ropes,  552 ;  deep  ploughing  by  steam  at 
Leicester,  552. 

Davey,   H.,   Paper  on   Water-pressure   Kngines   for  mining  purposes,   215. — 

Remarks  on  ditto,  257,  2G1,  2G2,  2G3. 
Davies,  C.  M.,  elected  Member,  185. 
Davis,  A.,  Paper  on  Steel-compressing  arrangements  at  Barrow,  390.— Itemark-s 

on  ditto,  415. 
Deacon,  R.  W.,  elected  Member,  480. 
De  Pape,  W.  a.  H.,  elected  Member,  185. 
Dickinson,  J.,  elected  Member,  9. 

Docks,  Paj^er  on  the  Docks  and  railway  approaches  at  Barrow-in-Fumess,  by 
F.  C.  Stileman,  324. — Development  of  Furuess  Railways,  and  of  iron  ore 
traffic,  324. — Growth  of  Barrow  harbour  and  docks,  325. — Devonshire  and 
Buccleuch  docks,  325. — Ramsden  and  Cavendish  docks,  32G. — Masonry 
and  concrete,  32G. — Steam  navvy,  327. — Basin  and  dock  gates,  327. — 
Railway  and  road  approaches,  328. — Buccleuch  dock  bridge,  328. — 
Hydraulic  machinery,  328. — Barrow  harbour,  329. 

Discussion. — Ormiston,  T.,  Graving  dock  why  outside  the  dock  entrance, 
329 ;  inner  lock  cill  why  raised,  330 ;    dock  entrance  why  so  wide,  330  ; 
silting  in  outside  channel,  330. — Strype,  W.  G.,  Construction  of  quay 
walls  by  pouring  concrete  in  situ  very  advantageous,  330. — Rennie,  G.  B., 
"Why  three   different  sections  of  dock  wall,  331 ;  cost  of  excavating  by 
steam  navvy  as  compared  with   hand  labour,  331. — Ramsden,   Sir  J., 
Graving    dock    placed    outside   for  economy,  331 ;    advantages  of  wide 
entrance  to  docks,  332  ;  absence  of  silting,  333 ;  scour  of  tide,  333 ;    wcter 
level  in  docks,  and  height  of  inner  lock  cill,  333.— Stileman,  F.,  Different 
sections  of  dock  wall,  333 ;   cost  of    excavating  by  steam  navvy,  334  ; 
pouring  concrete  down  tubes,  and  depositing  it  by  buckets,  334  ;  dredging, 
334 ;  spiing  girders  of  Buccleuch  dock  bridge,  335. 
DoDD,  J.,  elected  Member,  310. 
Donald,  J.,  elected  Member,  489. 
DoxFORD,  R.  P.,  elected  Member,  489. 
DucKHAM,  F.  E.,  elected  Member,  310. 
Dynamo-Electric  Machines.    See  Electric  lighting. 

Eager,  J.  E.,  elected  Member,  9. 

Easton,  E.,  elected  Member  of  Council,  24. 

Edwards,  R.,  elected  Member,  9. 

Election,  Council,  24.— Members,  9,  185,  310,  489. 
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Electuic  Lighting,  Second  Paper  on  Electric  liglitinf)^,  by  J.  Hopkinson,  Jun., 
2GG.  —  Author's  experiments  with  Siemens  dynamo-electric  machine, 
266.— "  Critical  current,"  267.  — German  experiments  with  Gramme 
machine,  267. — Dr.  Siemens'  and  author's  experiments  with  Siemens 
machines,  267-8. — Time  required  to  develop  current  in  Gramme  machine, 
269. — Brightness  of  electric  arc,  269. — Intensity  different  in  different 
directions,  269. — Comparison  with  standard  candle  and  lamp,  270. — 
Photometer  for  powerful  lights,  270. — Efficiency  of  electric  arc,  272.— 
Occasional  instability  of  electric  light,  273.— Use  of  shunt  electro-magnet, 
273. — Measurement  of  horse-power  developed  in  electric  arc,  274. 

Discussion. — Shoolbred,  J.  N,,  Experiments  at  Silvertown  with  Gramme 
machine,  274-6  ;  inconvenience  of  photometric  methods  hitherto  used, 
277 ;  measurement  of  horse-power  in  electric  arc,  277 ;  increased  regularity 
by  division  of  current,  277. — Crompton,  K.  E.  B.,  Advantages  of  long  and 
short  electric  arcs,  277  ;  regulation  of  lamps  for  getting  stability  of  light, 
278 ;  new  photometer  for  practical  measurements,  279 ;  measurement  of 
lights  of  different  colour,  280 ;  burning  of  regulating  lamps  in  scries, 
280. — Preece,  W.  H.,  Shadow  photometer  independent  of  colour,  280  ; 
difficulty  from  want  of  uniformity  in  human  eye,  281. — Perry,  J.,  Concave 
lens  compared  with  convex  for  photometer,  282 ;  adaptation  of  photometer 
for  all  directions  of  light,  282. — Hedges,  K.,  Objectionable  colour  can  be 
neutralised  by  mixture  in  carbons,  282. — Hopkinson,  J.,  Inflection  in  Mr. 
Gray's  curve  due  to  error  of  observation,  283;  electrical  resistance  in  Gennan 
experiments,  283 ;  critical  current,  283 :  explanation  of  rule  for  horse-power 
in  electric  arc,  283  ;  comparison  of  Gramme  and  Siemens  machines,  283  ; 
trouble  with  electric  lights  is  largely  due  to  bad  governing  of  engines, 
284 ;  adaptation  of  photometer  to  lights  at  different  angles,  284 ; 
comparison  of  electric  light  and  standard  candle  in  respect  of  colour,  285 ; 
shadow  photometer  not  entirely  independent  of  colour,  285  ;  advantage  of 
convex  lens  in  preference  to  concave,  285. 
Ellington,  E.  B.,  Kemarks  on  standard  Gauge  for  liigh  pressures,  474. 
Ellis,  O.  W.,  elected  Member,  489. 

Engines,  Paper  on  Water-pressure  Engiues  fur  mining  purposes,  by  H.  Davey, 
245. — Water  supply  in  hilly  districts,  245. — Principles  of  water-pressure 
engines,  246. — Trevithick's  early  water-pressure  pumping  engine,  247. — 
Double-acting  dip-pumping  engines  at  Griff  colliery,  248.— Fluctuation  of 
velocity  in  driving  column,  250.— Plunger  engines  pumping  brine  at 
Mansfield  salt-mine,  251. — Pumping  and  winding  engines  at  A.  I),  lead 
mine,  252.— Pumping  engine  at  Hutton  Henry  colliery,  utilising  feeder  in 
shaft,  254. — Pumping  engine  with  single  pipe  for  supply  and  delivery, 
255.— Modes  of  applying  variable  hydraulic  power  to  varying  resistances, 
256. 
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Discussion. — Hawksley,  C,  Hydraulic  niacliincry  will  work  although 
drowned,  2.)7.— Twedtlcll,  R.  II.,  Successful  use  of  rotative  wutcr-pressuro 
engines,  258 ;  high  eilicicncy  of  three-cylinder  hydraulic  engine,  2o8 ; 
accumuhitor  not  required,  if  acting  nicrejy  as  a  regulator,  259 ;  balanced 
valves,  259 ;  variable  hydraulic  power,  unless  automatic,  is  not  valuable, 
259;  future  of  hydraulic  engines  is  a  matter  of  working  cost,  2G0. — Kennedy, 
A.  B.  "VV.,  Engine  with  several  valves  is  preferable  in  certain  cases  to 
single-valve  engine  with  numerous  parts,  200. — Tweddell,  R.  H.,  Three- 
cylinder  engine  should  only  drive  ordinary  pump,  2G1. — Kennedy, 
A.  B.  W.,  Arrangement  in  paper  preferable  for  heavy  pumping,  2G1. — 
Crampton,  T.  11.,  Whether  air-vessels  not  necessary  on  water-pressure 
engines,  2G1. — Davey,  H.,  Air-vessels  not  necessary,  2G1 ;  fluctuation  of 
velocity  small  in  driving  column,  2G1.  —  Crampton,  T.  R.,  Air-vessel 
preferable  under  great  head,  262. — Davey,  H.,  Objection  to  air-vessels 
in  awkward  places,  2G2. — Crampton,  T.  R.,  Easy  to  replenish  air-vessel, 
2G2. — Lightfoot,  T.  B.,  Steam  more  economical  than  water  power  for 
draining  dip-workings,  262.  —  Davey,  H.,  Reasons  for  adoptiog  mitre 
valves  in  place  of  piston-valves  or  slide-valves,  263 ;  rotative  hydraulic 
engines  not  best  suited  for  pumping,  263  ;  reasons  for  preferring  hydraulic 
power  to  steam  in  dip- workings,  264  ;  working  of  dip  engine  at  Griff  colliery, 
264. —  Cowper,  E.  A.,  Paper  gives  practical  record  of  successful  working,  264. 
Excursions  at  Summer  meeting,  Barrow,  478. 

Fairholme,  C,  Remarks  on  Automatic  action  in  Brakes,  139. 

Farcot,  p.,  elected  Member,  185. 

Fernie,  J,,  Remarks  on  Chernoff  s  papers  on  Steel,  240. 

FiRELESs  Locomotives,  37.    See  Locomotives. 

Fleming,  "\V.,  Paper  on  the  manufacture  of  Jute,  380. — Remarks  on  ditto,  392, 393. 

Flod- Compressed  Steel,  Whitworth  process,  171,  179,  180,  181. 

Foster,  S.  L.,  decease,  10. — Memoir,  3. 

Francis,  A.  A.,  elected  Graduate,  186. 

Franco.  L.,  Eephj  on  the  discussion  upon  fireless  Locomotives,  37. 

Froude,  W.,  decease,  10. — Memoir,  3. 

Furness  Hematite  Iron  Mines,  363,  484,  485,  487.    See  Mines. 

Galwey,  J.  W.  DE  Y.,  elected  Member,  9. 

Gases  OccLrDED,  in  copper,  412.    In  palladium,  232,  410.     In  platinum,  415. 

In  silver,  410.    In  steel,  155,  158,  228,  232,  402,  404,  409,  410,  414.    See 

Steel. 
Gauge,  Paper  on   a  Standard  Gauge  for  high  pressures,  by  G.  Marie',  455. — 

Increasing  use  of  higher  pressures,  455. — Metallic  gauges,  difficulties  of 

graduation,    455. — Open-tube    manometer,   455. — Standard  gauges  with 
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compressed-air,  with  dilTercntial  pistons,  and  with  loaded  valves,  45G. — 
New  system  of  piston-gauge,  407. — Leakage,  friction,  and  lubrication,. 
458.  —  General  arrangement,  459.  —  Objections  to  new  gauge,  and 
calculation  of  errors,  459. — Elimination  of  friction  from  dirt,  460. — 
Friction  of  metallic  gauges,  461. — Frictionless  spiral  gauge,  461. — 
Accuracy  of  new  standard  gauge,  462. — Applications  of  new  system 
462.— Ajipendix,  estimate  of  errors,  464-468. — Summary  of  errors,  468. — 
Application  to  actual  apparatus,  469. 

Discussion. — Allan,  A.,  Description  of  air-spring  pressure-gauge,  470  ; 
inaccuracy  of  ordinary  pressure-gauges,  471. — Ross,  J.  A.  G.,  Earlier  gauge 
of  same  kind,  and  difficulty  from  grit,  472;  wliat  provision  for  change 
of  temperature  in  air-spring  gauge,  472. — Allan,  A.,  No  serious 
development  of  heat,  472 ;  means  of  replenishing  air  in  gauge,  472. — 
Ross,  J.  A.  G.,  Absorption  of  air  by  water  in  air-spring  gauge,  472. — 
Allan,  A.,  No  absorption  in  practice,  472. — Maw,  W.  H.,  Gooch's 
combined  pressure-gauge  and  safety-valve,  473.— Cowper,  E.  A.,  Gauging 
of  indicators,  473. — Liithy,  R.,  Hick's  experiments  on  friction  of  leathers^ 
473;  Whitworth's  piston-gauge,  and  Fogg's  mercurial  gauge,  473; 
apparatus  for  measuring  friction  of  leather  collars,  473. — Humphrys,  J., 
Difficulty  from  dirt  to  be  obviated  by  using  oil,  474. — Ellington,  E.  B,, 
Similar  gauge  for  chain-cable  testing,  but  not  superseding  dead  weights,. 
474. — Tweddell,  R.  H.,  Value  of  theoretical  investigation  in  confirming 
practice,  474 ;  accumulator  best  pressure-gauge  for  hydraulic  machinery, 
474 ;  pressure-gauge  with  two  independent  pointers,  475 ;  indicator 
diagrams  at  high  pressures,  475. — Marie,  G.,  Air-spring  for  low  pressures 
only,  475 ;  dirt  obviated  by  filtering  water,  475 ;  principle  of  standard 
gauge  is  that  of  Watt's  indicator,  475;  new  method  for  measuring 
friction,  475 ;  friction  in  pistons  packed  with  diaphragms,  476 ;  standard 
gauge  not  for  daily  use,  476  ;  recent  test  of  accuracy  with  open-tube 
gauge,  476. 

Geoghegan,  S.,  elected  Member,  310. 

Gill,  C,  elected  Member,  310. 

Godfrey,  W.  B.,  elected  Member,  185. 

GoTTSCHALK,  A.,  elected  Member,  310. 

Gowan's  permanent  way  for  Tramways,  107.     See  Tramways. 

Gramme  Dynamo-Electric  Machine,  267,  269,  274-6,  283,  284.    See  Electric 
lighting. 

Gre-vyes,  J.  H.,  decease,  10. — iMemoir,  5. 

Greig,  D.,  Remarks  on  Steam-ship  "  City  of  Rome,"  351. 

Gresham,  J.,  elected  Member,  310. 

Grundy,  R.  D.,  decease,  10. — Memoir,  5. 

Gl'tch,  G.  a.,  Remarks  on  Automatic  action  in  Brakes,  117-128. 
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ILi:5iATiTE  Tkox  !Mixes,  Furncss,  3(j3,  484,  485,  487.     Sec  Mines. 

Hagcue,  D.  II.,  elected  Associate,  310. 

Hall,  W.  S.,  llemarks  on  ChernolTrf  papers  on  Steel,  233  : — on  Steam-ship 
"  City  of  Rome,"  348. 

IIallett,  J.  H.,  elected  Member,  489. 

Halpin,  D.,  llemarks  on  Brown's  tramway  Locomotive,  G9. 

IIawksley,  C,  Remarks  on  water-pressure  mining  Engines,  237. 

Hawthorn,  T.,  elected  Member,  9. 

Hayes,  J.,  Remarks  on  Steel  compression  by  steam,  411. 

Hayter,  H.,  elected  INIcmber,  185. 

Head,  Jeremiah,  elected  Vice-President,  24.  —Remarks  on  Bye-Laws,  33  : — on 
Plate  rolling  machinery,  91 : — on  Permanent  way  for  Tramways,  214  : — 
on  Chernoff's  papers  on  Steel,  238  : — on  Reversing  and  expansive  Valve- 
gear,  441  : — on  Cultivation  by  horses,  550. 

Hedges,  K.,  Remarks  on  Electric  ligliting,  282. 

HiRD,  H.,  Remarks  on  Brown's  tramway  Locomotive,  (JS. 

HoDBARROW  Iron  Mixes,  visited  at  Barrow  meeting,  487. 

Hodgson,  C,  elected  Member,  9. 

Holt,  W.  L.,  Remarks  on  Brown's  tramway  Locomotive,  G4  :—■ on  permanent  way 
for  Tramways,  213. 

HoPKixsoN,  J.,  Jux.,  Second  Paper  on  Electric  lighting,  266. — Remarks  on 
ditto,  283. 

HoRXSBY,  J.,  elected  Member,  310. — Remarks  on  Cultivation  by  horses,  548. 

HoRXSBY,  W.,  elected  Member,  310. 

Howe,  W.,  decease,  10. — Memoir,  6. — Remarks  on  his  career,  by  D.  Adamsoii,  23. 

Hughes,  D.  E.,  Remarks  on  Chernoff's  papers  on  Sieel,  233,  235,  237. 

Hughes'  Ixduction-Currexts  Balance,  231. 

Hughes,  H.,  Remarks  on  Brown's  tramway  Locomotive,  57,  59. 

Hughes'  Tramway  Locomotive,  57-62,  72, 

Hulse,  W.  "NV.,  Remarks  on  Bye-Laws,  35. 

Humphrys,  J.,  elected  Member,  185.— Pa^^er  on  the  Steam-ship  "  City  of  Rome," 
336. — Remarks   on   ditto,  350,  358-361 : — on  Reversing   and    expansive 
Valve-gear,  436  : — on  Standard  Gauge  for  high  pressures,  474. 
HuTCHixsox,  E.,  Paper  on  Improvements  in  machinery  for  Rolling  iron  and  steel 

Plates,  82. 
Hydraulic  Engines  for  mining  purposes,  245.    See  Engines. 

Ijiplemexts   and  Machinery  for  Cultivating  Land  by   Horse-power,  529,     See 

Cultivation  by  horses. 
IxDUCTiON-currents  balance,  Hughes',  231, 
Ingots  of  Cast  Steel,  structure  of,  152.     See  Steel. 
Ikon  Mines,  Furness  Haematite,  363,  484,  485,  487.    See  Mines. 
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James,  J.,  Remarks  on  ChcrnofTs  papers  on  Steel,  23G,  240. 

Jefferies,  J.  R.,  elected  Member,  489. 

Jenkins,  R.,  elected  Graduate,  10. 

Joy,  D.,  elected  Member,  1S5.— Paper  on  a  new  reversing  and  expansive  Valve- 
gear,  418.— Remarks  on  ditto,  430,  449-454. 

Jute,  Paper  on  the  manufacture  of  Jute,  by  W.  Fleming,  380. — Origin  and 
development  of  jute  manufacture,  380. — Growth  of  jute,  and  "retting,'* 
381.— Softening,  381.— Breaker  card,  382.— Finisher  card,  384.— Drawing 
frame,  385.— Second  drawing  frame,  387. — Roving  frame,  387.— Spinning 
frame,  389. — Sizes  of  yarn,  390. — Uses  of  jute,  391. 

Discussion. — Fleming,  "VV.,  Statistics  of  jute  manufacture,  392. — 
Routledge,  T.,  Use  of  jute  ends  for  paper-making,  392. — Cochrane,  C, 
Sack-making  and  sewing  machines,  392. — Cowper,  E.  A.,  Length  of  jute 
fibre,  mode  of  retting,  and  feeding  of  breaker  card,  392 ;  length  of  fibre 
in  drawing-frame,  and  twisting  of  roving,  393. — Paget,  A.,  Original 
natural  length  of  jute  fibre,  and  length  in  yarn,  393. — Cowper,  E.  A., 
Length  of  long  and  short  fibres,  393. — Fleming,  W.,  Bleaching  of  jute 
without  loss  of  strength,  393 ;  sack-sewing  by  machinery,  394 ;  retting  in 
cold  water,  394  ;  jute  cuttings  for  paper-making,  394 ;  feeding  of  breaker 
card,  394  ;  original  and  ultimate  lengths  of  fibre,  394  ;  dyeing  of  jute,  395. 

Jute  "Works,  visited  at  Barrow  meeting,  480. 

Kennedy,  A.  B,  "\V.,  Remarks  on  "Water-pressure  mining  Engines,  2G0,  261. 
Kessler,  E.,  elected  Member,  310. 

KiTSOX,  J.  H.,  elected  Member  of  Council,  24. — Remarks  on  reversing  and 
expansive  Yalve-gear,  435. 

Larsen,    J.  D.,  Remarks  on    Brown's   tramway    Locomotive,  G9. — Paper   on 

Permanent  way  for  street   Tramways,  with   special   reference  to  steam 

traction,  188. — Remarks  on  ditto,  221. 
Larsen's  permanent  way  for  Tramways,  192,  194.     See  Tramways. 
Library,  Donations  in  1879,  18-22. — Bequest  of  £100  from  late  Robert  Napier, 

186. — Donations  from  R.  A.  "McLean,  "Waring  Brothers,  and  G.  B.  Rennie, 

311. 
LiGHTFOOT,   T.   B.,   elected  Member,   9. — Remarks  on  "Water-pressure   mining 

Engines,  2^2. 
Lighting,  Electric,  266.     See  Electric  lighting. 
LiNDAL  Moor  Iron  Mines,  visited  at  Barrow  meeting,  484. 
Locomotive  with  Joy's  Yalve-Gear,  432-5,  440,  444,  448,  480. 
Locomotives,  Eephj  on  the  discussion  upon  fireless  Locomotives,  by  L.  Francq, 

37. — Chief  items  of  working  cost  in  tramway  engines  are  wages  and 

maintenance,  37. — "V\"orking  parls  of  fireless  engines  are  too  near  ground, 
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but  rci)airs  insignificant  through  absence  of  ashes,  37. — Application  of 
hot-water  engine  to  underground  railways,  38. — Condensation  of  steam  on 
underground  railways,  and  on  tramways,  39. — Steam  expander  docs  not 
produce  electricity,  40. — Advantage  of  expanding  before  admission  into 
cylinders,  41. — Theoretical  los-:,  but  not  important,  42. — Practical  results 
witli  tireless  engine,  43. 
Locomotives,  Taper  on  Brown's  tramway  Locomotive,  by  B.  C.  Browne,  44. — 
Requirements  for  a  tramway  locomotive,  44. — Extent  of  adoption  of  Brown's 
engine,  44. — Description  of  engine,  45. — Distribution  of  steam,  4G. — 
Yalve-gcar,  48. — Dimensions  and  particulars  of  engines,  49. — Working 
cost,  50. — Strasburg  engines,  51,  54. — Hamburg  engines,  53,  55. — 
Comparison  with  other  systems,  55. — Combined  car  and  engine,  5G. — 
Distinctive  character  of  tramway  locomotives,  5G. 

Discussion. — Browne,  B.  C,  Additions  necessary  to  meet  Board  of  Trade 
requirements,  57. — Hughes,  H.,  Disadvantage  of  high  steam  pressure  in 
streets,  57 ;  construction  of  boiler  and  firebox,  position  of  cylinders,  use  of 
spiral  bearing  springs,  58 ;  mode  of  condensing  exhaust  steam,  59  ; 
consumption  of  fuel,  and  cost  of  working,  GO  ;  bad  state  of  early  tramways, 
60 ;  size  of  wheels,  60 ;  working  parts  should  be  few  and  simple,  61 ; 
Injury  to  his  own  engines  in  Paris  from  presence  of  oil  in  boiler,  61. — 
"Winby,  F.  C,  Features  desirable  in  tramway  locomotive,  63 ;  condensing 
arrangement,  63. — Schonheyder,  AV.,  Objection  to  use  of  dog-link,  63 ; 
^Yeakness  of  Brown  boiler,  64. — Holt,  W.  L.,  Cost  of  woiking  in 
Strasburg,  64;  in  Hamburg  and  Paris,  65;  objections  to  working  a 
tramway  engine  by  only  one  man,  65 ;  advantage  of  machinery 
being  raised  from  ground,  QQ ;  effect  of  oil  and  tallow  in  boilers, 
G7. — Cromjiton,  R.  E.  B.,  Not  desirable  to  diminish  piston-speed  in 
tramway  engines,  67 ;  high  pressure  not  objectionable,  67 ;  inadequate 
condensation  of  exhaust  steam,  67  ;  tramway  engine  should  have  vertical 
boiler  and  be  cheap,  C8. — Hird,  H.,  Valve-gear  affected  by  vertical  play 
of  axles,  (jS  ;  disadvantage  of  larger  wheels,  68. — Larsen,  J.  D.,  Injury  to 
engines  due  to  defective  tramways,  69. — Halpin,  D.,  Valve-gear  not 
aftected  by  play  of  axle,  69. — Crampton,  T.  Pi.,  Tramway  should  be 
stronger  than  ordinary  railroad,  69 ;  arrangement  of  bearing  springs, 
economy  of  fuel,  size  of  wheels,  70 ;  proportions  of  tubes,  coning  of  wheels, 
71. — Alley,  S.,  Tramroads  in  general  too  light,  71 ;  successful  working  of 
engines  by  one  man,  71 ;  failures  of  boilers  in  engines  working  in  Paris 
72. — Adamson,  D.,  Failure  due  to  quality  of  water,  72 ;  weakness  of 
Brown  boiler,  working  beam  not  so  good  as  large  wheels,  73. — Peacock, 
Ptichard,  No  injury  from  grease  in  boilers  on  Metropolitan  Railway, 
74. — Tomlinson,  J.,  Quantity  of  grease  very  small  on  Metropolitan 
Railway,  74  ;  cause  of  durability  of  fireboxes,  74. — Cochrane,  C,  Caustic 
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soda  removes  corrosive  action  of  greasy  water,  75. — Cowper,  E,  A.,  Actioa 
of  acid  grease  cured  by  mixing  hard  water,  75 ;  water  in  Paris  produced 
greasy  scale,  75. — Browne,  B.  C,  No  real  objection  to  higher  pressure,  7G  ; 
mode  of  manufacture  of  Brown  boiler,  7G;  protection  of  engine  from  dirt, 
77  ;  particulars  of  condenser,  and  results  of  working,  77 ;  fuel  consumption 
at  Strasburg  and  Hamburg,  78  ;  advantage  of  square  link,  79 ;  working  of 
tramway  engines  by  one  man,  79;  working  of  engines  in  Paris,  79; 
prospect  of  reducing  cost  of  tramway  engines,  80  ;  present  tramways  far 
too  light,  80 ;  wheels  in  Brown  engine  not  coned,  81 ;  mixing  of  condensed 
steam  with  feed  water,  81. 

LoNGRiDGE,  M.,  elected  Member,  310. 

LoNGWORTH,  D.,  elected  Member,  185. 

LiJTHY,  II.,  Remarks  on  standard  Gauge  for  high  pressures,  473. 

Lynde,  J.  G.,  Remarks  on  permanent  way  for  Tramways,  203,  221. 

Machinery  foe  Cultivating  Land  by  Horse-power,  529.  See  Cultivation  by  Horses. 

Machinery  for  Preparing  and  Spinning  Cotton,  492.  Ste  Cotton  Spinning 
Machinery. 

Maceisson's  permanent  way  for  Tramways,  199.     See  Tramways. 

MariE;  G.,  Taper  on  a  Standard  Gauge  for  high  pressures,  455. — Remarks  on 
ditto,  475. 

Marshall,  F.  C,  Remarks  on  Steam-ship  "City  of  Rome,"  319,  35'J: — ou 
reversing  and  expansive  Valve-gear,  430,  44G. 

Martin,  R.  F.,  elected  INIember,  185. 

Massicks,  T.,  elected  Member,  489. 

Maw,  "W.  H.,  Remarks  on  standard  Gauge  for  high  pressures,  473. 

McDonnell,  A.,  Remarks  on  Automatic  action  in  Brakes,  134. 

McLaciilan,  J.,  elected  Member,  310. 

Mechanical  Research,  12,  16,  23,  18G.    See  Research. 

Memoirs  of  Members  deceased  in  1879,  1. 

Menelaus,  "W.,  elected  Member  of  Council,  24. — Remarks  on  President's  address, 
322. 

Millom  Blast  Furnaces,  visited  at  Barrow  meeting,  486. 

Mines,  Paper  on  the  Htematite  iron  Blines  of  the  Furness  district,  by  J.  L.  Shaw, 
363. — Geological  features,  3G3. — Extent  of  ore  deposits,  3G4. — Depth  ot 
deposits  below  surface,  3G5. — Quality  of  ore,  365. — Modes  of  working, 
365. — Timbering,  367. — Output,  368. — Trial  borings,  368. — "Winding  and 
pumping  engines,  368. — Adits,  369. 

Discussion. — Wadham,  E.,  Uncertainty  of  haiinatite  deposits,  and 
consequent  irregular  method  of  working,  369  ;  subsidence  of  surface  over 
workings,  370 ;  sinking  of  main  shaft,  370 ;  timbering,  371. — Cowper, 
E.  A.,  Haematite  ore  not  magnetic,  371.— Wadham,  E.,  North  and  south 
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direction  of  Furncss  mineral  veins,  371. — Cochrunc,  C,  Wlictlicr  search 
made  for  iron  ore  beneath  Yoredale  shales,  372.  —  Wadham,  E., 
Ore  found  beneath  Yoredale  shales  at  Sttink,  372,— Schneider,  H.  W., 
I'ncertainty  of  iron  ore  depo.sits,  and  discovery  of  Stank  mine,  372  ; 
Park  mine  and  neighbouring  deposits,  373. — Adamson,  D.,  Geological 
conditions  of  district,  374 ;  analogies  from  other  districts,  375  ;  probable 
position  of  iron  ore  deposits,  376.— Shaw,  J.  L.,  Prevalence  of  iron  in  all 
rocks,  376. 

Schneider,  H.  W.,  Ilise  and  progress  of  Barrow,  and  development 
of  iron  mining  in  Furness  district,  377-9. 

Mixes,  Haematite  Mines  visited  at  Barrow  meeting,  481-7. 

jMining  Engines,  Water-Pressure,  245.    See  Engines. 

MoRELAND,  R.,  JuN.,  elected  Member,  186. 

]\[oRRii^,  E.  R.,  elected  Member,  9. 

Kapier,  E.,  bequest  of  £100  applied  to  Library,  186. 

Kewton,  AV.  E.,  decease,  10. — Memoir,  8. 

North  Lonsdale  Blast  Furnaces,  visited  at  Barrow  meeting,  484. 

Oldham,  R.  A.,  elected  Member,  310. 

Ormiston,  T.,  elected  Member,  310. — Remarks  on  Barrow  Docks,  329  : — on 
Steam-ship  "  City  of  Rome,"  346. 

Paget,  A.,  Tote  of  thanks  to  retiring  President,  26. — Remarks  on  Bye-Laws, 
33 : — on  Permanent  way  for  Tramways,  211 : — on  Chemoflf's  papers  on 
Steel,  233,  237 :— on  Steam-ship  "City  of  Rome,"  348 :— on  Jute 
machinery,  393  : — on  Steel  compression  by  steam,  408, 414 : — on  Reversing 
and  expansive  Yalve-gear,  440. 

Park  Iron  Mine,  visited  at  Barrow  meeting,  485. 

Parsons,  Hon,  C.  A.,  elected  Graduate,  10. 

Paterson,  "W.  S.,  elected  Graduate,  310. 

Peache,  J.  C,  elected  Member,  186. 

Peacock,  Richard,  Remarks  on  Brown's  Tramway  Locomotive,  74. 

Permanent  Way  for  tramways,  188.     See  Tramways. 

Perry,  J.,  Remarks  on  Electric  lighting,  282, 

Photometers  for  measurement  of  electric  light.     See  Electric  lighting. 

Plate  Rolling  Machinery,  Paper  on  improvements  in  Machinery  for  Rolling 
iron  and  steel  Plates,  by  E.  Hutchinson,  82. — Contrast  between  methods 
of  rolling  plates  and  bars,  82. — •'  Universal "  or  Belgian  mill  for  plates, 
84. — Modification  for  wider  plates,  86. — Sliding-roll  mill,  87. — ^Application 
to  forge  rolling,  87 ;  to  blooming,  88 ;  to  roughing-down,  88 ;  to  finishing 
rolls,  89. — Ccmparison  of  sUdiug-roll  mill  with  Belgian  mill,  89. — Rolling 
of  steel  plates,  90. 
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Discussion. — Head,  Jeremiah,  Rolling  of  Belgian  "  broad  flats,"  91  ; 
tendency  to  "  reediness "  from  mode  of  piling,  92 ;  sliding-roU  mill 
valuable  for  puddled  bars  and  blooming,  92 ;  doubtful  for  wide  plates,  from 
tendency  to  reediness,  93 ;  mill  for  plates  of  all  widths  would  be  very 
cumbrous,  93 ;  effect  of  rolling  on  tenacity  of  iron,  and  on  its  elasticity 
in  bending,  93;  sliding-roll  mill  more  applicable  for  wide  steel  plates 
than  for  iron,  94. — Webb,  F.  W.,  In  rolling  steel  plates  from  ingots, 
honeycombed  structure  must  be  got  rid  of,  94 ;  difficulties  connected 
with  sliding-roll  mill,  95. — Adamson,  D.,  System  doubtful  for  iron,  from 
presence  of  cinder,  96 ;  no  objection  with  steel  plates,  96 ;  steel  equally 
strong  longitudinally  and  transversely,  97 ;  drifting  of  holes  close  to  edge 
in  iron  and  steel  plates,  97 ;  want  of  evidence  as  to  lateral  strength  in 
iron  flats,  98. — Cowper,  E.  A.,  Efiect  of  wear  on  sliding-roll  mill,  98 ; 
means  of  producing  fibrous  structure  in  iron,  98;  tendency  of  wide 
plates  to  form  ragged  edges,  99. 

Ploughs  for  horse-power.  Hornsby's,  548.  Howard's,  548.  Eansomes  Sims 
and  Head's,  548.    See  Cultivation  by  Horses. 

Preece,  W.  H.,  Remarks  on  Electric  lighting,  280. 

President's  Address,  inaugural,  28  : — at  Barrow  meeting,  312.  See  Address  of 
President. 

Pressure  Gauges,  455-476.    See  Gauge. 

Pumps  for  sinking  shafts  through  sand,  485.    See  Sand  Pump. 

Railway  Brakes,  Automatic  action  in,  100.    See  Brakes. 

Ramsden,  Sir  J.,  Remarks  on  Barrow  Docks,  331. 

Rapier,  R.  C.,  Remarks  on  permanent  way  for  Tramways,  206,  210,  211. 

Rennie,  G.  B.,  Remarks  on  Barrow  Docks,  331. 

Report  of  Council,  10. — Number  of  Members,  10.— Deceases,  resignations,  &c., 

10. — Financial    statement,    12,    16,    17. — Research,    12. — Donations    to 

Library,  13,  18. — List  of  Papers,  13. — Attendances  &c.  at  meetings,  14. 
Discussion. — Robinson,  J.,  Moves  vote  of  thanks  to  Research  Committees 

and  Reporters,   23 ;   increased  number  of  papers,    involving    increased 

expenditure,  23. — Adamson,  D.,  Remarks  on  career  of  late  W.  Howe,  23. 
Research,    Procedure    in    1879,    12. — Expenditure,    16. — Vote    of  thanks   to 

Research    Committees  and  to  Honorary  Reporters,  23. —  Riveted  Joints, 

186. 
Reynolds,   E.,  Remarks  on  Steam-ship  "  City  of   Rome,"  346,  349,  357 ; — on 

Reversing  and  expansive  Valve-gear,  445. 
Richards,  E.  W.,  Remarks  on  Steel  compression  by  steam,  400,  403,  415. 
Riches,  T.  H.,  Paper  on  Automatic  action  in  continuous  railway  Brakes,  100. — 

Remarks  on  ditto,  139-150. 
Roanhead  Iron  ^Iine,  visited  at  Barrow  meeting,  485. 

2  u 
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Robinson,  J.,  Remarks  on  annual  Report  of  Council,  23  : — on  retiring  from  office 
of  President,  25,  27: — on  Bye-Laws,  33,  35: — on  Automatic  action  in 
Brakes,  150:— on  Permanent  way  for  Tramways,  208,  219  :— on  ChemofTs 
papers  on  Steel,  238,  239,  243  :— on  President's  address,  322  :— on  Steam- 
ship ♦*  City  of  Rome,"  351,  355  : — on  Reversing  and  expansive  Valve-gear, 
439. 

Rolling  Machinery  for  Plates,  82.    See  Plate  Rolling  Machinery. 

Ross,  J.  A.  G.,  Remarks  on  standard  Gauge  for  high  pressures,  472. 

RouTLEDGE,  T.,  elected  Member,  310. — Remarks  on  Jute  machinery,  392. 

Sand  Pump,  for  sinking  mine  shafts  through  sand.     Gill's,  485.    Mather  and 

Piatt's,  485,  487. 
Sanders,  R.  D.,  Remarks  on  Automatic  action  in  Brakes,  113-117. 
Sandscale  Mining  Co.'s  new  sinking,  visited  at  Barrow  meeting,  485. 
Saxby,  J.,  elected  Member,  9. 
Saxon,  G.,  decease,  10. — Memoir,  8. 

Schneider,  H.  W.,  Remarks  on  Furness  iron  Mines,  372,  377. 
ScHONHEYDER,  W.,  Remarks  on  Brown's  tramway  Locomotive,  63 : — on  Permanent 

way  for  Tramways,  220. 
ScHRAJi,  R,,  elected  Member,  310. 

Sharp,  T.  B.,  Remarks  on  Steel  compression  by  steam,  412. 
Shaw,  J.  L.,  Paper  on  Haematite  Mines  of  Furness,  363. — Remarks  on  ditto,  376. 
Ship,  Steam-ship  "  City  of  Rome,"  336.     See  Steam-ship. 
Shipbuilding  "Works,  visited  at  Barrow  meeting,  478-480. 
Shoolbred,  J.  N.,  Remarks  on  Electric  lighting,  274. 
Siemens,  C.  W.,  Remarks  on  Steel  compression  by  steam,  403 : — on  Reversing  and 

expansive  Valve-gear,  444. 
Siemens    Dynamo-Electric    Machine,     266,     267,    268,    284.     See    Electric 

lighting. 
Sliding-Roll  Mill  for  Plates,  87.     See  Plate  Rolling  Machinery. 
Smith,  W.  F.,  Remarks  on  Chernoff's  papers  on  Steel,  237. 
Snelus,  G.  J.,  Remarks  on  Steel  compression  by  steam,  409. 
Spencer,  E.,  Faper  on  Recent  improvements  in  the  Machinery  for  preparing  and 

Spinning  Cotton,  492.     Remarks  on  ditto,  528. 
Spinnlkg  Machinery  for  Cotton,  492.    See  Cotton  Spinning  Machinery.    For 

Jute  389.    See  Jute  Machinery. 
Stafford,  G.,  elected  Member,  310. 
Steam  Compression  of  Steel,  396.    See  Steel  compression. 
SiEAM-SHiP,  Paper  on  the  Steam-ship  "City  of  Rome,"  by  J.  Humphrys,  336. — 

Development  of  British  mercantile  marine,  336.— Dimensions  of  "  City  of 

Rome,"    337. — General    features,    337. — Arrangement  of   boiler    rooms, 

338. — Stern  post,  framing,  and  shell  plating,  339. — Engines,  340.— Crank 
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shaft,  341.— Particulars  of  engines,  341.— Boilers,  342.— Internal  arrange- 
ments, 342. — Weight,  displacement,  and  capacity,  345. 

Discussion. — Boyd,  W.,  Objectionable  use  of  gearing  for  working 
valves,  345 ;  why  were  boilers  made  of  iron,  not  of  steel,  345. — Ormiston, 
T.,  Advantages  of  having  saloon  amidships,  346  ;  importance  of  adequate 
strength  in  long  ships,  346. — Keynolds,  E.,  Superiority  of  solid  to  hollow 
shafts,  346. — Adams,  T.,  Greater  torsional  resistance  of  hollow  shaft,  348  ; 
superiority  of  steel  plates  for  boilers,  348.— Hall,  W.  S.,  Natural  hollow 
structure  is  not  exposed  to  torsion,  348. — Paget,  A.,  Strength  of  hollow 
bamboo,  348. — Keynolds,  E.,  Torsional  strength  distinct  from  long 
endurance  of  strains,  349.— Marshall,  F.  C,  Advantage  of  twin-screw 
arrangement,  349  ;  novelty  of  three  pairs  of  tandem  engines,  349  ;  gearing 
for  working  the  valves  objectionable,  349 ;  hollow  crank-shaft  how  built 
up,  350 ;  reciprocating  pump  why  preferred  to  centrifugal,  350  ;  boiler 
joints  how  made,  350.— Humphrys,  J.,  Mode  of  building  up  crank- 
shaft, 350. — Eobinson,  J.,  Advantages  of  ingot  iron  for  boilers,  351. — 
Adamson,  D.,  Superiority  of  hoUow  to  solid  shafts,  352 ;  varieties  of 
quality  in  steel,  353  ;  advantages  of  three  pairs  of  tandem  engines,  353 ; 
ingot-metal  preferable  to  iron  for  boilers,  353. — Greig,  D.,  Steel  should 
now  supersede  iron  for  boilers  and  ships,  354. — Crampton,  T.  E.,  Steel 
plates  to  be  used  with  caution,  354.— Kobinson,  J.,  Thick  plates  of  ingot 
metal  for  locomotive  frames,  355.— Welch,  E.  J.  C,  Eesults  of  testing 
tliick  steel  plates,  355.— Marshall,  F.  C,  Use  of  very  thick  iron  plates  for 
marine  boilers,  and  advantage  of  steel  plates,  356. — Eeynolds,  E., 
Building  up  of  steel  cranks,  357.— Cowper,  C.  E.,  Suggestion  of  simple 
nomenclature  for  iron  and  steel,  357. — Cowper,  E.  A.,  Advantages  of  steel 
plates  for  boilers  and  ships,  358 ;  use  of  iron  decks,  358.— Humphrys, 
J.,  Ample  security  in  use  of  gearing  for  slide-valves,  358 ;  boiler  plates  of 
iron  on  account  of  size,  358 ;  position  of  saloon,  how  fixed,  359 ;  large 
vessels  can  be  made  amply  strong,  360;  advantages  of  hollow  shaft,  360; 
ditto  of  tandem  engines,  360 ;  ditto  of  reciprocating  pumps,  361 ;  ships 
will  be  built  of  steel  when  price  lower,  361. 
Steel,  Paper  (1878)  on  the  structure  of  Cast-Steel  ingots,  by  D.  Chernoflf, 
translated  by  W.  Anderson,  152. — Previous  use  of  wrought  and  cast  iron, 
152. — Early  attempts  at  steel  founding,  153. — Structure  of  ste^l  ingot  cast 
in  metallic  mould,  153. — Cavity  in  upper  end,  154. — Bubbles  in  outer 
surface,  155. — Form  and  growth  of  ditto,  156. — Setting  of  steel,  from 
surface  inwards,  160. — Formation  of  crystals  in  ditto,  160. — Cause  of 
acicular  formation  in  outer  layers,  164. — Granulation  in  cooling,  165. — 
Malleable  cast  iron,  167. — Methods  of  overcoming  these  defects  in  steel 
castings,  167. — First  method,  ingots  hammered  or  rolled  into  required 
shapes,  168. — Tests  of  specimens  from  forged  ingot,  169. — Second  method, 
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compression  of  fluid  steel  during  setting,  170. — Results  attained,  172. — 
Third  method,  use  of  chemical  reagents  to  arrest  formation  of  gases,  172. 
— Ferro-manganese-silicon  meltings  produced  at  Terre-Noire,  174. — 
Soundness  of  castings  produced,  175. — Arborescenees  inside  bubbles  in 
central  parts  of  steel  ingots,  17G. — Mode  of  preventing  porosities  by- 
rotation  of  ingots  while  cooling,  177. — Centrifugal  casting,  178. — Neither 
forging  nor  pressure  necessary  to  improve  steel,  179.  —  Tables  of 
experiments  on  steel  at  Terre-Xoire  and  at  AbouchofiF,  182-3. 
Steel,  Paper,  Remarks  on  ChernoiTs  papers  on  steel,  by  W.  Anderson,  225. — 
AbouchofF  steel  works,  225. — Cheraoffs  first  paper  on  the  manufacture  of 
steel,  226. — Second  paper  on  tlie  study  of  the  Bessemer  process,  227. — 
Third  paper  on  the  structure  of  cast-steel  ingots,  228. — Effect  of  occluded 
gases  on  hardening  and  tempering  of  steel,  228.— Rapidity  of  diffusion  of 
hydrogen  through  red-hot  steel,  229. — Specific  gravity  of  steel  apparently- 
reduced,  but  really  increased  by  hardening,  229. — Softening  of  hardened 
steel  by  slow  re-heating,  230.— Explanation  of  characteristic  colours  in 
tempering,  230. — Hughes'  induction-currents  balance,  231. 

Discussion.— A-uAei'son  W.,  Hughes'  experiments  on  occluded  gases 
with  steel  wire,  and  Roberts'  with  palladium  wire,  232. — Cowper,  E.  A., 
Brass  wire  becomes  rotten  by  long  exposure,  232. — Hall,  W.  S.,  Colours 
in  tempering  analogous  to  mother-of-pearl,  233. — Cowper,  E.  A.,  Prismatic 
effect  of  close  fine  lines  on  steel  and  glass,  233. — Paget,  A.,  Such  colours 
entirely  different  from  colours  of  tempering,  233. — Hughes,  D.  E.,  Soft 
steel  is  mechanical  mixture  of  iron  and  carbon,  not  chemical  compound, 
nor  alloy,  233 ;  demonstration  by  differences  in  electro-motive  force,  234 ; 
demonstration  by  electro-negative  force,  235. — Cowper,  E.  A.,  What 
difference  in  conducting  power  between  hard  and  soft  steel,  235. — Hughes, 
D.  E,,  Conducting  power  of  hard  steel  lower  than  of  soft,  235. — James,  J., 
Difficulty  of  hardening  cast-steel  collars  and  cutters,  236 ;  welding  of 
steel,  236 ;  form  of  edge  more  important  than  hardness  for  cutting  tools, 
236. — Smith,  W.  F.,  Welding  of  steel  by  borax  and  sal  ammoniac,  237. — 
Cowper,  E.  A.,  Ditto  by  borax  alone,  237. — Hughes,  D.  E.,  Steel  is  softest 
immediately  after  softening,  and  gradually  hardens,  237. — Paget,  A., 
Conversely,  steel  when  too  hard  gradually  softens,  237 ;  straightening  of 
very  thin  steel  plates  immediately  after  hardening,  237. — Beaumont, 
W.  W.,  Hardness  of  Mushet's  unhardened  tool-steel,  238. — Robinson,  J., 
Ductility  of  cast  as  compared  with  forged  steel,  238. — Head,  Jeremiah, 
Hammering  of  steel  ingots  now  superseded  by  rolling,  238. — Robinson,  J., 
Rolling  has  similar  effect  to  hammering,  239. — Cowper,  E.  A.,  Annealing 
in  oak  sawdust,  and  chilling  in  hot  water,  239. — Fernie,  J.,  American  plan 
of  annealing  and  re-steeling,  240. — James,  J.,  Annealing  and  re-hardening 
of  pinny  steel,  240. — Anderson,  W.,  Soft  steel  ought  to  be  weaker  than 
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Imrd,  if  containing  carbon  as  graphite,  241 ;  effect  of  extreme  cold  upon 
pure  steel,  aud  upon  steel  containing  phosphorus,  241 ;  swelling  of  steel 
on  hardening,  242  ;  cracking  of  dies  used  for  coining,  242. — Robinson,  J., 
Elliptical  cracks  inside  bars  of  unliardened  steel,  24:1 — Anderson,  "NV., 
Specific  gravity  really  greater  in  hardened  steel,  243;  annealed  steel 
castings  as  strong  as  steel  forgings,  243 ;  use  of  steam  pressui-o  in  casting 
steel  ing(jts,  244. 

Steel,  Paper  (1868)  on  the  Manufacture  of  Steel,  and  the  mode  of  working  it, 
by  D.  Chernoff,  translated  by  "W.  Anderson,  286. — Best  steel  ever  made  is 
*•  boulat "  of  Tartars,  286. — Ribbons  of  dead  tint  in  steel  guns,  287. — 
Effects  of  steam  hammer  in  forging  ingots,  influence  of  temperature  in 
tempering,  and  of  agitation  in  cooling  of  melted  steel,  288. — Nitrogen  i;i 
steel,  289, — Influence  of  different  metals  on  quality  of  steel,  289. — 
Tungsten  steel,  290. — Law  regulating  change  of  structure  by  heating, 
290.— Power  of  steel  to  become  granular,  293. — Advantage  of  fine-grained 
structure,  294. — Forging  at  temperatures  above  amorphous  condition 
does  not  increase  density  of  steel,  294. — Heavy  forging  necessary  fcr 
closing  bubbles  and  cracks,  295, — Strength  of  unforged  and  forged 
steel,  296. — Heated  ingot  must  be  forged  as  quickly  as  possible,  296. — 
Crystallisation  in  steel  cooling  quietly  from  high  temperature,  297. — 
Mode  of  correcting  crystallisation,  by  reheating  and  quickly  forging,  298. — 
Example  of  spoiling  large  steel  ingot,  299. — Cavity  in  forging,  300. — 
Welding,  301.  — Forging  at  temperatures  below  amorphous  condition 
increases  density  of  steel,  302. — Other  results  of  forging  at  low  temperature, 
303. — How  to  obtain  fine-grained  structure,  304. — Tempering  aud  cooiing, 
305. — Illustration  by  fractured  specimens,  305. — Fixing  of  amorphous 
condition  by  plunging  heated  steel  into  water,  300. — Fine  grain  can  be 
restored  to  steel  that  has  become  crystalline,  307. — Tempering  of  steel 
gun  linings  at  Woolwich  arsenal,  307. 

Steel  Compression  b^  Ste.\m,  Taper  on  the  Steel-compressing  arrangements  at 
the  Barrow  works,  by  A.  Davis,  396.— Causes  of  unsoundness  in  stet  1 
castings,  396. — Compression  of  fluid  steel  by  high-pressure  steam,  396. — 
Arrangements  at  Edgar  Thompson  Works,  397. — Ditto  at  Barrow  works, 
397. — Joint  for  lid  and  base  of  iiigot  mould,  398.— Supply  of  steam,  398. — 
Attempt  to  inject  water  through  cover  of  mould,  398. — Results  of  casting 
under  steam  compression,  399. — Pressure  of  steam  required,  3D9. — 
Advantage  of  elastic  compressing  medium,  400. 

Discussion. — Richards,  E.  W.,  Increased  soundness  of  steam-compressed 
ingots  under  increased  pressure,  400  ;  gases  occludtd  in  steel  are  hydrogen 
and  nitrogen,  401  ;  necessity  of  expelling  gases  to  get  sound  steel,  402. — 
Cowper,  E.  A.,  Whether  mechanical  expulsion  of  gas,  or  chemical 
absorption,  402. — Ric'.iards,  E.  W.,  Mccha:iical  expulsion  of  gas,  403. — 
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SicincnFy  C.  W.,  Very  liigli  pressure  ncccssnry  for  compression  of  milil 
steel,  40;} ;  gases  probably  reniiiin  occliulcd,  not  expelled,  404 ;  recent 
failure  of  steel  boiler  through  defect  of  material,  404 ;  rnild-bteel  boiler 
will  not  burst  under  any  pressure,  405 ;  reliability  of  mild  steel,  405  ; 
cheapness  too  much  studied  in  niild  steel,  400 ;  steel  rivet-bars,  40G. — 
Adams,  T.,  Experiments  on  strength  of  mild  steel  plates,  407;  strength  of 
compressed  fcteel  due  to  condensation,  407. — Pnget,  A.,  Mode  of  testing 
steel  plates,  408, — Adams,  T.,  Description  of  mode  of  testing,  408. — Snelus^ 
G.  J.,  Mechanical  method  of  getting  rid  of  bubbles  in  steel,  409  ;  nature  of 
gas  in  cavities,  409 ;  occlusion  of  gases  by  various  metals,  410;  lower 
atfinity  of  steel  for  hydrogen  than  carbonic  oxide,  410 ;  metal  under 
pressure  probably  occludes  more  gas,  411 ;  chemical  means  of  getting  rid 
of  bubbles,  411. — Hayes,  J.,  Admission  of  steam  at  both  ends  of  mould  for 
compression,  411  ;  hydraulic  power  preferable  for  higher  pressures,  412. — 
Sharp,  T.  B.,  Casting  of  copper  ingots  sound  by  chemical  means^  412  ; 
superiority  of  chemical  over  mechanical  treatment,  412  ;  three  sorts  of 
bubbles  in  cast  metal,  412 ;  advantage  of  chemical  treatment  for 
complicated  castings,  413.— Cowper,  E.  A.,  Mild-steel  boiler  made  for 
testing  by  hydraulic  pressure,  413. — Paget,  A.,  Similar  process  previously 
devised  in  France,  414  ;  compression  by  use  of  air,  414  ;  comparative  efl'cct 
of  gaseous  pressure  and  of  solid  ram,  414. — Cromptou,  E.  E.  B.,  Possible 
advantage  of  steam,  by  forming  ammonia,  414  ;  expulsion  of  occluded 
gases  in  Edison's  experiments,  415. — Tweddell,  R.  H.,  Specific  gravity  of 
ingots  subjected  to  pressure,  415. — Richards,  E.  W.,  Gases  obtained  were 
from  steel  not  compressed,  415. — Davis,  A.,  Amount  of  pressure  required 
415;  prompt  application  of  pressure  to  fluid  metal,  415 ;  independent 
invention  in  France  and  America,  416;  use  of  compressed  air,  416;  joints 
for  ingot  moulds,  417. 

Steel  "Works,  Barrow  Haematite  Co.'s,  visited  at  Barrow  meeting,  481-3. 

J-'TiLE3iAN,  F.,  Remarks  on  Barrow  Docks,  333. 

Stilejiax,  F.  C,  Taper  on  the  Docks  and  Railway  approaches  at  Barrow-in- 
Furness,  324. 

Stirling,  J.,  elected  Member,  186. 

Strgedley,  W.,  Remarks  on  Automatic  action  in  Brakes,  137. 

Strecteee  of  Cast-Steel  Ingots,  152.    See  Steel. 

Steype,  W.  G.,  Remarks  on  Barrow  Docks,  330. 

Sr:MiiER  Meeting,  Barrow,  309,     See  Barrow  IMeeting. 

Setton,  T.,  elected  Member,  489. 

Terf.e  XoiRE  "VN'oRES,  manufacture  and  properties  of  steel,  173,  175,  182. 
Thomfson.  T.  W.,  elected  Mtmber,  489. 
Thoeneery.  AV.  H.,  Jun,,  elected  Member,  310. 
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ToMLiNSOX,  J.,  Ji'N.,  elected  Member  of  Council,  24.— Remarks  on  Bro^Yn's 
tramway  Locomotive,  74  : — on  Automatic  action  in  Brakes,  130. 

Tramways,  Paper  on  Permanent  way  for  street  Tramways,  with  special  reference 
to  steam  traction,  by  J.  D.  Larsen,  18S.— Origin  and  growth  of  London 
tramways,  188.  —  DiflBculty  in  applying  steam  traction,  189. — Early 
systems  of  laying  tramways,  190. — Larsen's  rails  and  side  fasteners,  192. — 
Screw  cramp  for  fixing  side  fasteners,  193. — McXeale's  side  fasteners,  193. 
Sections  of  rails  for  Paris  tramways,  193. — Larsen's  improved  system  for 
steam  traction,  194. — Barker's  system,  197. — Gowan's,  197. — Aldred's,  198. 
Winby's,  198. — Wear  of  flange  in  tramcar  wheels,  199. — Mackisson's 
system,  199. — General  conclusions,  200. — Cost  of  different  systems  of 
permanent  way,  201. — Tractive  resistance  on  tramways,  202. 

Discussion. — Lynde,  J.  G.,  Comparative  cost  of  tramways,  203 ;  rigidity 
necessary  in  permanent  way,  203 ;  advantage  of  continuous  cast-iron 
sleeper,  204 ;  material  and  laying  of  rails,  205 ;  prices  of  Barker's 
permanent  way,  206. — Rapier,  R.  C,  Best  construction  should  be  preferred, 
irrespective  of  cost,  206  ;  desirability  of  wider  rail-surface,  207  ;  compressed- 
air  and  hot-water  engines  for  tramways,  208. — Robinson,  J.,  Danger  of 
horses  slii^ping  on  wide  rails,  208  ;  advantages  of  Barker's  system,  209; 
inadequacy  of  Paris  tramways  for  steam  traction,  209  ;  engines  should  have 
short  wheel-base  and  all  wheels  coupled,  210 ;  higher  frictional  resistance 
on  tramways  than  on  railways,  210. — Rapier,  R.  C,  Tramrail  should  be  at 
least  as  wide  as  shoe  of  horse,  210;  iron  surface  less  slippery  than  granite, 
211. — Paget,' A.,  Iron  surface  more  slippery  than  granite,  211.— Rapier, 
R.  C,  Absence  of  slipping  on  wide  tramrails  in  Glasgow,  211  ;  description 
and  cost  of  Glasgow  tramways,  211.  — Crampton,  T.  R.,  Solid  bottom 
necessary  for  tramroad,  212  ;  advantages  of  Barker's  system  as  compared 
with  Larsen's,  212;  narrower  gauge  to  be  preferred  for  tramways, 
213.— Holt,  W.  L.,  Difficidties  of  steam  traction  in  Paris,  213;  wider  rail 
wanted  for  steam  than  for  horse  traction,  213 ;  advantage  of  Wiubv's 
system,  214. — Head,  Jeremiah,  Elasticity  on  railways  obtained  by  Wood's 
wrought-iron  cross  sleepers,  214  ;  not  so  much  a  question  of  material  as  of 
form,  215;  wooden  sleepers  inferior  to  iron,  215. — Winby,  F,  C,  Section  of 
tranu-ail  and  method  of  rolling,  215  ;  separate  head  now  unnecessary  for 
grooved  rail,  216;  3  ft.  gauge  sufficient  for  tramways,  217;  elasticity 
unnecessary  in  tramway,  217  ;  length  of  tramway  laid  in  one  piece,  217  ; 
width  of  rails,  grooves,  and  wheel  flanges,  217;  tramways  as  laid  in 
Nottingham,  217.— Williams,  R.  P.,  Endurance  of  tramways  under  steam 
traction,  218;  resistance  to  traction  on  tramways,  219;  elasticity  essential 
for  durability,  219.— Robinson,  J.,  What  was  the  section  of  tramrail  which 
gave  high  tractive  resistance,  219.— Cowper,  C.  E.,  Disadvantage  of  horses 
stepping  from  street  pavement  to  wide   tramrail,  220.— Schuuhcyder,  W. 
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How  is  paving  brouglit  close  up  to  tnimrail,  220. — Winb)-,  F,  C,  Stone 
setts  packed  up  underneath  with  sand,  220. — Cowper,  E.  A.,  Shocks  from 
lieavy  weights  passing  across  tramrail,  220;  grooves  too  wide  in  rails,  221 ; 
thin  steel  flanges  for  wheels,  221.— Lynde,  J.  G.,  Flanges  of  Barker  rails 
not  broken,  221. — Larsen,  J.  D.,  Best  tramways  he  had  seen  were  in 
Manchester,  221  ;  only  objection  to  Barker's  system  was  the  cast-iron 
sleepers,  222 ;  width  and  depth  of  groove  in  tramrails,  222 ;  first  cost  of 
tramways,  222 ;  number  of  wheels  for  tramway  engines,  222  ;  foundation 
below  sleepers,  223  ;  advantage  of  separate  rail  head,  223. 

Tramway  Locomotives.  C.  Brown's,  44.  France's  Fireless,  37.  Hughes', 
57-62.     See  Locomotives. 

TwEDDELL,  K.  H.,  Eemarks  on  Bye-Laws,  35  : — on  Water-pressure  mining 
Engines,  258,  261  : — on  Steel  compression  by  steam,  415: — on  Standard 
Gauge  for  high  pressures,  474. 

Tyler,  Sir  H.,  Remarks  on  Automatic  action  in  Brakes,  128-132. 

Universal  Rolling  Mill  for  Plates,  84.    See  Plate  Rolling  Machinery. 

Valon,  W.  a.  M.,  elected  Member,  310. 

Valve,  Trick  or  Allen  Slide-Vulve,  432,  448. 

Talve-Gear,  Paper  on  a  new  reversing  and  expansive  Valve-Gear,  by  D. 
Joy,  418. — Gray's  valve-motion  for  locomotives,  418. — Link  motion,  419. 
— Other  valve-gears,  420. — Description  of  new  valve-gear,  421. — Constant 
lead  for  forward  and  backward  motion,  and  for  all  grades  of  expansion,  422. 
— Application  to  marine,  horizontal,  and  locomotive  engines,  424. — 
Advantages  of  new  gear,  424. — Greater  correctness  of  new  gear,  425. — 
Total  pressures  in  up  and  down  stroke  of  vertical  engine,  426. — 
Examination  of  valve-path  diagrams,  426. — Higher  grades  of  expansion, 
428. — Greater  accessibility  of  new  gear,  428. — Whole  gear  is  always  in 
useful  action,  428. — Facility  of  repairs,  429. — Greater  ease  of  reversing,  429. 
Discussion. — Marshall,  F.  C,  Description  and  advantage  of  his  own 
valve-gear,  430 ;  indicator  diagrams,  431. — Webb,  F.  W.,  Application  of 
Joy's  gear  to  goods  locomotive,  432  ;  indicator  diagrams,  432 ;  Trick  or 
Allen  slide-valve,  432;  improvements  in  details  of  engine,  433 ;  fire-box, 
foot-plates,  &c.,  434  ;  desirability  of  uniform  dimensions  in  engines,  434. — 
Cowper,  E.  A.,  Whether  any  twist  from  longer  bearings,  434. — Webb, 
F.  W.,  Easing  of  bushes  and  brasses  allows  ample  play,  435. — Kitson, 
J.  H.,  Modification  of  Walschaert  valve-gear  for  steam  tramcar,  435. — 
Humphrys,  J.,  Advantages  of  Joy's  valve-gear,  436  ;  application  to  marine 
engines,  437. — B^yd,  W.,  Practical  objection  to  taking  motion  from 
connecting-rod  in  marine  engine,  438;  unsteady  motion  of  levers  and 
links,  438 ;  too  great  sliding  motion  of  valve-block,  439. — Robinson,  J., 
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Great  wear  of  block  sliding  in  slot,  439;  pins  objectionable  for  oscillating 
motion,  4i0. — Paget,  A.,  Comparative  travel  of  sliding  block  and  of 
eccentric,  440. — Boyd,  "VV.,  Circular  motion  of  eccentric  is  preferable  to 
reciprocating  motion,  440. — Webb,  F.  W.,  Comparative  travel  of  eccentrics 
and  of  sliding  block,  440  ;  number  of  pins,  441. — Head,  Jeremiah, 
Comparison  with  box-link,  441 ;  oblique  thrust  in  Joy's  gear,  441  ;  facility 
of  replacing  worn  parts  by  duplicates,  442 ;  eccentrics  disadvantageous 
when  large,  442  ;  adjustment  in  Joy's  gear  to  compensate  for  wear,  443 ; 
extent  of  steam  admission  in  mid-gear,  443. — Siemens,  C.  "W.,  Important 
advantages  of  Joy's  motion,  444 ;  swing-link  preferable  to  slide-block,  445. 
— Reynolds,  E.,  Former  proposed  arrangement  of  valve-gear,  445 ; 
Hawthorn's  and  Hackworth's  motions,  445. — Marshall,  F.  C,  Sliding 
motion  hindered  success  of  Hackworth's  gear,  446 ;  serious  wear  of 
connecting-rod  ends  in  marine  engines,  446. — Cowper,  E.  A.,  Ericsson's 
valve-motion,  446;  problem  to  combine  longitudinal  motion  for  lead,  with 
side  motion  for  travel,  447 ;  Hackworth's  and  Hawthorn's  gears,  447 ; 
Joy's  gear  with  sliding  block,  and  with  vibrating  link,  447  ;  inconvenience 
of  attachment  to  connecting-rod,  448;  advantage  of  ample  room  for 
bearings,  448 ;  reduction  of  compression  by  cutting  out  inside  of  slide- 
valve,  448. — Joy,  D.,  In  Marshall's  gear  only  one  eccentric  removed,  and 
engine-room  not  shortened,  449 ;  uncorrected  errors  in  gear,  compensated 
by  double  port  at  top  end,  450 ;  inappreciable  effect  of  wear  in  connecting- 
rod  upon  motion  of  valve.  451 ;  replacing  of  worn  buslies  and  pins,  452  ; 
less  movement  in  links  of  new  gear  than  in  air-pump  lever  gear,  452 ;  wear 
from  sliding  of  block,  452 ;  substitution  of  radius  links,  452 ;  wear  less 
than  of  eccentrics  or  slide-bars,  45.S ;  precedent  in  slide-valves  for 
oscillating  marine  engines,  453 ;  ease  of  reversing  with  new  gear,  453 ; 
Reynolds'  gear,  453;  distinctive  features  of  Brown's  and  Hackworth's 
gears,  454  ;  even  wear  from  end  to  end  of  slot  in  new  gear,  454. 

Valve-Gear.  Box-link,  441.  Brown's,  46,  48,  445,  446,  454.  Ericsson's,  446. 
Hackworth's,  430,  445,  446,  447,  450,  454.  Hawthorn's,  445,  447.  Joy's, 
418,  480.  Kitson's,  435.  Marshall's,  430,  439,  449.  Reynolds',  445,  453. 
Trick  or  Allen  Slide- Valve,  432,  448.    Walschaert's,  435. 

Votes  of  Thanks,  to  Research  Committee  and  Honorary  Reporters,  23: — to 
Retiring  President,  26,  27 : — to  Institution  of  Civil  Engineers  for  use  of 
rooms,  151,  285:— to  President  for  Address,  320: — at  Summer  Meeting, 
Barrow,  476. 

Wadham,  E.,  Welcome  to  members  at  Barrow  Meeting,  309. — Remarks  on 
Fumess  Iron  Mines,  369,  371,  372. — Vote  of  thanks  to,  476.— Luncheon  to 
members,  478. 

Watek-Peessuke  Engines  for  mining  purposes,  245.    See  Engines. 
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Wedb,  F.  W.,  Remarks  on  Plate   rolling  macliinery,  94:— on   Reversing  and 

expansive  Valve-gear,  432,  435,  440. 
Welch,  E.  J.  C,  Remarks  on  Steam-ship  "  City  of  Rome,"  355. 
Westinghouse,  G.,  Jun.,  Remarks  on  Automatic  action  in  Brakes,  137. 
Westmacott,  p.  G.  B.,  elected  Vice-President,  24. 
AVestmoreland,  J.  W.  H.,  elected  Member,  489. 
Westwood,  J.,  Jun.,  elected  Member,  9. 
Weymouth,  F.  M.,  elected  Graduate,  186. 
Whitworth's  Fluid-Compressed  Steel,  171,  179,  180,  181. 
Williams,  E.,  Remarks  on  President's  address,  320, 
AViLLTAMS,  R.  P.,  elected  Member  of  Council,  24. — Remarks  on  Automatic  action 

in  Brakes,  133  : — on  Permanent  way  for  Tramways,  218. 
Wilson,  R.,  elected  Member,  9. 
WiNBY,  F.  C,  Remarks  on  Brown's  tramway  Locomotive,  63 :— on  Permanent 

way  for  Tramways,  215,  220. 
Winby's  permanent  way  for  Tramways,  198,  215,  220.    See  Tramways. 
Windermere  Lake,  visited  at  Barrow  meeting,  480,  488. 
Wood,  J.  M.,  elected  Graduate,  10. 
Wood's  wrought-iron  cross  sleepers  for  railways,  214. 
Works  visited  at  Summer  meeting,  Barrow,  478. 

Yates,  W.,  elected  Member,  489. 

Yeomans,  D.  M.,  Remarks  on  Automatic  action  in  Brakes,  136. 

York,  F.  C,  elected  Graduate,  186. 

ZiFFEE,  F.  H.,  elected  Member,  9. 
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